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PBEFACE. 



Many books have been written upon Railways 
and Railway work, both from a non- and semi- 
professional point of view, which no doubt supply 
some particular want, but the author trusts that 
the present work may prove acceptable in a wider 
sense, not only to those who are engaged in re- 
sponsible management and designing, but also to 
the thousands occupied in the workshops and on 
the footplate. 

The work has been divided into sections, this 
proving the most satisfactory way, and where neces- 
sary, subdivided into parts, viz. Boiler Shop Prac- 
tice ; Foundry (Iron, Steel and Brass) ; Forge 
(Smithy, including Springs) ; Coppersmiths' work ; 
Machine Shop ; Erecting, &c. Design has not been 
touched upon, as it does not come within the scope 
of the author's plan. Each section describes, step 
by step, more minutely, and by such drawings and 
illustrations as have not appeared before in one 
volume, the actual progress of the work done in 
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that section. There is one exception. The use of 
Steel Castings. To have described their manu- 
facture would have entailed a lengthy dissertation 
upon the making of steel generally, with particular 
reference to the overcoming of such difficulties as 
oxidation, the formation of blow-holes, annealing, 
and the preparation of moulds; therefore, it was 
considered more useful to the general consumer, to 
devote a portion of a section to their use in con- 
junction with their chemical and physical properties, 
with a view to reduce to uniformity the various 
opinions held by individual consumers, and thus to 
formulate a standard specification. 

Finally, it is my pleasing duty to express thanks 
to those who have, by word and deed, assisted me 
in gaining, or supplying information, and especially 
so to the Editor of 'The Engineer,' at whose sug- 
gestion this work was undertaken, the major portion 
of which has appeared in the pages of that journal. 

GEO. HUGHES. 



Hoitwu'H, Lancashire:: 
April ltf94. 
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In all well-regulated boiler ahopa, whether the plates are 
manufactured on the ground or bought from the 
makers, the tenacity of every plate used is knowrij and the 
number of that plate registered. Provision is also made for 
obtaining the analysis of the cast from which those plates 
were made if necessary. Generally the facilities offered h 
plate makers for testing and examining surfaces are a 
The author has known the plates for 200 locomotive boilera 
to be delivered, and every plate worked up. The plates 
rejected during inspection for high tenacity, short elongation 
or bad surfaces were comparatively few. 

The quality of the plates used in the boiler practice of 
to-day is that known as the " best mild steel," of an ultimate 
tenacity of not less than 26 tons per square inch nor more 
than 30 tons per square inch, with a minimum elongation of 
20 per cent, on an 8-incli bar. Generally the tenacity of 
plates made by well-known firms ranges between 27 and 29 
tons per square inch, and 25 to 32 per cent, elongation, 
although plates are known with a minimum of 24 tons per 
square inch with an elongation of 32 per cent. ; the above 
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pitting, 



results being upon teat bars taken from the direction of the 
rolling. The tests from the opposite direction may, and 
often do, approach the lengthway for tenacity and elongation ; 
but an average of fifty crossway tests, taken at random over 
a period of six months, gave 27 " 25 tons per square inch, and 
an elongation of 25 per cent, on 8 inches. 

Regarding the chemical analysis, the plates must be free 
from silicon, sulphur anil phosphorus. The analysis is 
generally found to be: — Carbon, about '16 to "18; silicon, 
•01 to -018; sulphur, -03 to -05 ; phosphorus, -02 to -04; 
and manganese, "25 to "48. All plates must be rolled truly 
to a uniform thickness, and both sides must be free from 
dirt, lamination or other defects. After 
;, boiler plates must be annealed, and in no case must 
they leave the mill floor until all buckling is taken out, and 
they are sufficiently level and true for machining. A boiler 
ahop is never absolutely free from this, lifting and transit 
always causing uuevenness in plates, which is dealt with 
later on. The maker's name and test number must always 
be stamped upon the plates about 12 inches from each edge, 
at one corner, and to facilitate inspection this is encircled 
with a white paint mark. From the appearance of the sur- 
face and the edge of the plates it can be seen at a glance 
whether they have been annealed or not. Test strips, after 
being heated and cooled in water at about 80° F., should 
bend to a curve, the inner radius of which is one and a-half 
times the thickness of the plate. It is generally found that 
the majority will more than satisfy this test, bending down 
flat upon themselves. Drifting tests are made periodically 
upon strips 3 inches wide, in which § inch holes are punched, 
and afterwards drifted cold until they reach l£-inch diameter. 
Some specifications stipulate that the plates are to be made 
from ingots hammered upon all sides, which gives a more 
homogeneous material, cogging being equally good. 
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The modern boiler shop is replete with first-class tools, 
and the template is used throughout, consequently the finest 
material is used to ita best advantage, and the modern boiler 
is almost a perfect work of accuracy. Angle iron, &c., is 
nearly dispensed with, being replaced by hydraulic flanging ; 
circular flanges are turned and the edges of all plates are 
planed. Almost all the rivets are closed by hydraulic 
pressure, and are of the best quality. It is generally 
admitted that rivet steel should be of the toughest material, 
so that test specimens should bend through an angle of 180°, 
and close down upon themselves when cold, without showing 
a crack or flaw. The tensile strength should be from 24 
to 28 tons per square inch, with 25 per cent, elongation on 
8 inches, and 45 per cent, contraction of area, and showing 
good tough silky structure. A tenacity of 2G ' 5 to 27 tons 
per square inch is sufficient, because the mechanical work 
put into the material in making the rivet, will increase its 
tenacity in some cases from 2 to 4 per cent. The metal 
must further be capable of going through the various 
processes of manufacture without serious abrasion and 
cracking. It should flow well in riveting, and the heads of 
test samples should admit of being hammered down to 
£ inch in thickness without fracturing the edges when hot. 
The carbon should not be more than ■ 15 per cent, and the 
phosphorus - 04, although some American specifications admit 
of phosphorus -07. 

Whenever the term " best iron " i3 used, it must be 
understood to be a well-known brand, and the qualification 
" beat mild steel " infers an established firm ; although, per- 

Iliaps, lately the testing machine has done much to show up 
the good quality material made by small firms. Whenever 
the word " or" appears, it is to be distinctly understood that 
only one or the other item would appear in a specification, 
A modern shop may be conveniently built in three bays, 
B 2 
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the one containing the various drilling, planing, punching, 
shearing and bending machines, suitably situated in order to 
carry work forward as much as possible. The larger 
machines, at which heavy work is done, are provided with 
jib mid lifting tackle. The second, or central division may 
be devoted to the marking of plates, the fitting together of the 
shells, and the general erection of boilers ; whilst the third 
bay may take the general repairs. The angle smiths and 
hearths for welding internal fines, domes, &c, are placed in 
a smithy immediately adjoining the boiler shop. The 
hydraulic riveters attached to jibs of various rake, should be 
conveniently placed for the work they are required to do, as 
also the pumps and accumulators. The shops should also be 
fitted with the necessary pressure and return piping from 
the accumulator to the various hydraulic machines, whilst a 
narrow-gauge tramway should serve the machines and heavier 
portions of the work. Convenient pits should be made for 
certain machines, to facilitate drilling flanges and foundation 
rings, although the specially designed flange -drilling machine 
has rendered them less necessary. Pits are also required for 
certain punching machines, multiple drills, riveting, &c, and 
are convenient for fullering the foundation ring and fitting 
on the roof bars. Each bay should be traversed from end to 
end by a 12 or 15-ton rope-driven crane. The rivet fires 
may be placed between columns, &c, wherever required. 

The workmanship is of a finished and accurate character 
all riveta completely filling the holes, which are slightly 
countersunk under the rivet heads, all holes in the plates and 
flanges being perfectly fair with each other, and no drifting 
is allowed, in the accepted sense of the term, on any con- 
sideration. If any of the holes are not perfectly fair with 
each other, they are rimered until they become so, care 
being taken that after rimering, the rivets shall completely 
fill the holes. All the plates are brought well i 



ore any rivets are put in. Outside edges of holes are 
slightly countersunk and all burrs removed. The pitch of 
the rivets and the lap of the plates are shown in the detail 
drawings, Pigs. 1-5, and rivets are countersunk only where 
mentioned on the drawings, see Fig. 13. The edges of 
all the plates are planed, turned, or shaped to an angle of 
one in eight before being put together, so as to leave a full 
edge for fullering, which is done with a broad-faced fuller 
actuated by pneumatic pressure, the ordinary caulking tool 
being dispensed with. It is quite unnecessary to go into the 
various rules and data used in the workshop by the workman 
in getting circumferences, &c, as these can readily be turned 
up in the various books published for the boiler-maker. 

After the plates are delivered from the mill floor to the 
boiler yard, having been rolled and sheared in lengths and 
widths according to the position they will eventually occupy, 
they are at once taken in hand, and where necessary, the 
small amount of buckle that may remain in them, is taken 
out and otherwise straightened. 

If a plate is buckled in the middle the edges have to be 
elongated, and if the edges are buckled the operation is vice 
versa, a plater placing his flatter where Ms judgment indi- 
cates, and gradually elongating wherever required, which often 
occupies hours of tedious work. This process is greatly 
shortened by a multiple roller straightening machine, the 
lower surfaces on the top set of rolls being arranged to come 
slightly below the top of the bottom rolls, and the plate is 
therefore passed through the series in a serpentine manner. 
By adjusting the top rolls, the plate can be made to come 
out almost perfectly straight, but the buckle is not absolutely 
removed, although the work is done very effectually, especi- 
ally on £-inch and J-iuch plates, saving many hours of hard 
labour. No matter how bad the plate was, it requires 
very little manipulation by the plater after it leaves the 
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machine. It removes the waviness, takes out the lumps 
and hollows, and appears to concentrate or make the buckle 
more defined, and this generally towards the end, giving the 
plater a very good idea where to place his flatter; whereas 
without the machine, the plater might he hammering for hours, 
even before he got to the buckle. The machine appears to 
act more effectually when the buckle is in the middle of the 
plate, elongating the edges in a greater proportion than it 
would the middle supposing the edges were buckled. 




Tho barrel may be made telescopic, as shown in the 
general drawing, and of three plates, or, as in some cases, 
with ouly two, each about 5 feet 6 inches long, butting 
together, covered by and riveted to a weldless ring, the 
longitudinal scam being welded. The transverse joints are 
single riveted, Figs, 2-5 ; longitudinal seams are butt join ted, 
with inside and outside butt strips, and these break joint 
on each side of the centre line of the boiler at the top, as 
shown in Fig, 5. The seam joining the barrel to the fire- 
box casing is zigzag riveted, Figs, 5 and fi. A strengthening 
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ring or plate J inch thick is riveted to the inside of the 
middle barrel, as per detail drawing Fig. 5, about the dome 
hole, which hole does not exceed 19 inches by 22 inches. 
The barrel plate3 are then taken and examined for surface 
and buckle, and in- 
variably found to be 
sufficiently straight for 
machine purposes. The 
plates are ordered to 
be sheared with an 
extra half inch in width 
and length, in order 
to get the plate square 
with the template. A 
batch of five is then 
taken and the top one 
marked for drilling the 
holes, every hole re- 
quired being marked 
and drilled at a radial 
or specially designed 
drilling machine. It 
is a very convenient 
practice to drill the 
first or future template 
half through with a 
J-inch drill, and then 
follow on through the 
batah with the full-size 
twist drill. If the full- 
size drill is used first, 

the point, being so broad and not actually a cutting edge, is 
very liable to run, and then of course, it has to be drawn 
with hammer and chisel The first batch having been dialled, 
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the top plate is used for the template of the next four M BtB 
sets of five, and the second plate of the first batch reserved 
for a future template, it being as true as the original. This 
mode has now been abandoned in favour of a specially 
designed multiple drilling machine, by which the pitch is 
secured by a lock upon the side of the machine, and is 
therefore absolutely correct. This refers to the barrel und 
outside fire-box shell plates, care being taken when mai l.nr. 
out the pitch of the rivets in the transverse joints, to get 
the plates with increased diameters divided equally into the 
same number of rivet holes. Where punching is practised 
in using iron plates, in all eases the plates must be [ranched 
from the opposite side, that is, the one from the inside, the oi.hr r 
— being lapped by the first — from the outside, otherwise the 
least diameter would not be brought 
together, and consequently the rivet 
would not completely fill the hole. 
''inside It is also the practice in some large 

works to punch the holes of a 
less diameter than required, and after the plates are bent and 
fitted together, to rimer them out by specially designed 
machinery. In other works the drilling operation takes 
place at a specially designedself-acting shell-drilling mocbins, 
after the plates have been bent and fitted together, twist 
drills being used, the machine being capable of drill- 
ing both the longitudinal and transverse joints. This 
machine consists of a table, upon which the shell rests, 
like a wheel lathe chuck with dogs, which receives a 
motion upon the same principle as tliat of the wheel-cutting 
machine. The drill is attached to a slide capable of vertical 
movement, which is fixed to an upright having hori- 
zontal traverse, this latter movement only taking place 
as the diameter of the shell increases or decreases, the 
feed of the drill being accomplished by means of screw 
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and suitable gear. The drills of this machine are generally 
multiple. 

After the plates are drilled they are marked foT lap by 
using the butt strip template at each end, thus : — The 
template is laid on and steadying pins put through the holes, 
the ends marked with a scriber, and then either a long 
atraight-edge and scriber, or a chalk line is used, the plates 
having been drilled as far as possible to admit of shearing 
on two edges only, one side and one end. At the same time, 
the second barrel plate is marked for punching out the dome 
bole, which is not removed until after the plate has been 
bent, being held from four opposite points ; and the third 
barrel-plate is marked for punching the clearance for the 
saddle or throat- plate, which is removed entirely before 
bending. The plates are then sheared and punched, leaving 
J inch or -^ inch for the planing machine. In all boiler 
shops there are plate edge planing machines to plane edges 
from 10 to 20 feet, some with turnover tool boxes, some 
with quick return ; the former should be used wherever 
possible, because of the great saving of time, not to mention 
wearing the. hack edge of the tool, for there are very few side 
planers fitted with spring boxes to lift the tool completely 
away from the work upon the quick return. Others are 
provided with the vertical lathe arrangement, and finally, the 
plate edge and butt planing machine. When planing the 
£ inch or ^ inch from the edges of the plates, the tool is 
ground to an angle of about one in eight, and the edge of the 
plate must have the inclination of this angle, according to its 
eventual position, to suit the fullering ; that is, the inside lap 
is planed to the opposite inclination of the outside lap, clearly 
shown in Figs. 1-4 and 11-13. 

The shell plates are next taken to the rolls and bent to 
diameter, the operation simply consisting of putting the plates 
through a set of three cast-iron rolls from 12 inches to 
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18 inches diameter, and rotating backwards and forwards, 
screwing the top or aide roll, as the case may be, up or down, 
until the plates acquire the desired radius. This method, 
however, leaves about 4 or 5 inches at each end straight, 
which has to be set afterwards, generally either by making 
a casting, or setting a stiff plate to the required radius ; 
then heating up the shell, dropping it into the " former," 
and striking a few blows with a medium heavy hammer. 
The method of getting the shell out from this machine, 
Fig. 7, is rather cumbersome : the top roll is raised up clear 
of the shell and wedged at one end, while at the opposite 
end the housing is removed and the plate 
drawn out. Another and a very convenient 
plate-bending machine, Figs. 8, 9, has the 
centre of the top roll in the same plane as 
the bottom one, the third roll being placed 
at the side, which is the adjustable one. 
This machine bends the plate to the very 
Fiq. 7. ^S" at one an &> anc ' by a very simple arrange- 

ment, shown in Fig. S, the plate can betaken 
out, turned round, and the other end bent, so that the shell 
does not require any setting in blocks ; this being the method 
used in bending the plates for the boiler in question. The 
bearing at A, Fig. 8, can be withdrawn as indicated, and then 
the roll swivels round upon a kind of ball-and-socket bearing at 
B, counterpoised by the roller and its path C. Care must be 
taken to enter the plates square, which is easily done by run- 
ning the eye along the edge of the plate, or a line of rivet holes, 
and the top roll. This is especially necessary in the case of 
dome plates, as owing to their short circumference and stillness 
they will not spring so much as a barrel plate. The plates 
are rolled almost exactly to radius, but sometimes, owing to 
little irregularities, such as hard places, buckle, &c., they 
need a little setting afterwards, which is easily accomplished 
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by two or three blows with the hammer. At the same time 
the inside and outside butt strips are dealt with, being 
drilled through a template in the aamo maimer as the barrel 
plates, in batches of five. They are 
countersunk about J inch deep, and 
all burrs removed, then marked for 
shearing, being sheared from the side 
next the barrel plate, so that the 
bevel edge comes next the shell for 
fullering. They are not planed, 
because the shear blades are kept 
in good order, and being small 
plates, the workman has perfect 
command over them, consequently 
the shearing is a good finish ; they 
are then bent to the radius of the 
shell. The dome strengthening 
plates are drilled through a tem- 
plate, marked for shearing and 
punching, and then bent ; these also 
in batches of five, and with the same 
template system as the barrel plates. 
The continuous weldless ring of 
mi I d steel, from 28 to 30 tons per 
square inch tenacity, and 20 per 
cent, elongation on 8 inches, Fig. 1, 
for securing the smoke-box tube 
plate to the first shell plate, is faced, 
bored and turned to section, slightly 
heated, and shrunk on to the first 
barrel plate. This ring is drilled 

through the barrel plate from the inside, which acts as 
a jacket, by a specially designed drilling machine, using the 
opposite side to resist the thrust of the drill ; or at a specially 
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designed flange drilling machine. After the ring has been 
riveted to the first barrel shell, the three shells, straps and 
dome strengthening plate are all bolted together and riveted 
at one operation, Fig. 10, and it has been found that the 
riveting up of these two joints elongates the barrel g s inch, 
and allowance is made accordingly. 





Scale !£- 1 Foot 
Figs. 11-13. 




The sides and top of the fire-box shell are made in t 
plate. The front, throat or saddle plate of the fire-box shell 
is flanged forward and double -riveted to the boiler. Figs. 6 
and 11, The back plate is flanged to 6-inch radius outside, 
and single-riveted to the sides und top, Figs. 12 and 13; the 
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upper part is stayed by a T girder. A steel casting, Fig. 14, 
is double-riveted to the inside of the plate. A similar stay is 
fixed to the inside of the smoke-box tube plate ; also longi- 
tudinal stays, palm stays to the copper box, and other stays 
where shown on the drawings. The T iron for carrying the 




- 



suspension links is also a steel casting, as well as the roofing 
stay bars, Figs. 15, 16 and 17. In dealing with the wrapper 
or outside fire-box shells, all the buckle is taken out, and then 
they are dealt with in batches of five, the same as the shell 




Scale ti-i- Foot 
Pics. 10, 17. 



plates, every hole being marked on the template for drilling 
for the stays, expansion bracket, handrail, clothing studs, 
safety valve, roof bars, whistle stand, mud plugs, &e. After 
drdling, which has been done at a multiple drilling machine, 
with a lock upon the side of the machine to preserve the 
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pitch accurately, they are marked, punched, sheared and 
planed in the same order as the barrel plates, and then taken 
to the plate bending rolls. The short sets to a radius of 
6 feet are worked first, the plater working to the lines as 
shown on the sketch below. 



— n B | n~ 

A ! A 



A, bent to 6 feet radius. B, bent to 2 lout 3 inches nuliusi (outside)- 

The plate is then turned over and the crown radius bent, 
trying from time to time with the half gauge. When the 
machine, Fig. 8, has been used a number of times, this half 




gauge is not required very much, because of working the 
ad instable roll to previously worked-out marks. After 
bending, a stay of standard width is bolted between the 



to kei 



' them from s 



; the radius, and then they 
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are taken to the drilling machine for the rivet holes between 
the frames to be countersunk. The foundation ring is a steel 
casting, shown in detail in Figs. 18, 19 and 102, 102a. After 
annealing it is sent to the furnace, in order to have contraction 
defects removed, such as squaring-up and straightening. It 
may he that the ends are not at right angles with the sides ; 
if so, all four corners are heated, and a stretcher is fixed across 
the opposite corners diagonally, drifting it out and " paening " 
the corners not drifted, until all four sides become square 
with each other. Afterwards it is sent to the grinders, then 
the rivet holes are drilled through a jacket or jig at a 
multiple drilling machine, and the other holes, such as the 
corner rivet holes and ash-pan studs, at a radial drill It is 
then sent to the smith's fire to get the flange plates thinned 
and set to the corners. It is contended by some well-known 
boiler-makers that locally heating a steel plate, thinning- 
down and hammering the corner to a bevel edge is a bad 
practice ; consequently they use a specially designed plate- 
corner thinning machine, which thins off the corners very uni- 
formly ; but in this case the plate has to be punched thus — 



otherwise the maker would have to be simply content with 
a single rivet, and therefore lose the benefit of the extra 
lap ; whereas if drawn out they are simply sheared straight. 
Some firms slot a recess in the ring at the cornere. 

Generally speaking of flanging, it is preferable to have 
the nangers A, Figs. 20-29, cast in segments, frequently in 
halves, because they always get larger in use, and if cast 
thus, slack can be easily taken up by removing a J-inch liner 
and substituting a J-inch. The flanging and vice blocks 
B C, Figs. 20-29, are cast in segments, which gives a 
certain amount of springiness, and if a block breaks it 
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can readily be replaced by casting another segment ; then 
the curves can be easily got up by fitters where it is not 




Scale t-- 1 Foot 
Fig. 23. 



possible to turn them, the requisite amount planed off the 
strips left for this purpose, and the blocks then jointed 
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together. In flanging the throat-plate, Figs. 20-25, the 
Iialf template, Fig. 25, is first made, the centre line is 
marked down the plate to be flanged, the half template put 




on, marked, punched and sheared, leaving a little for trim- 
ming up after flanging, because it is possible that the plate 
may draw oue way or another, and then sent to the flanging 
press. The press has three main press rams acting upon the 




press bottom, and four vice rams, which act independently of 
the main press rams through apertures in the press bottom. 
The press top is supported and the thrust received by four 
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bolts, and ia capable of being adjusted to the required height. 
The flanger A, Figs. 20, 21 and 22, is securely bolted to the 

miiiiiiiiii l i^rr rrniTTTTTT 




press top, using suitable packing, the tluoat flanging block E 
to the press bottom, and the vice block C rests upon the vice 
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template for the vertical holes, and mark off the length upon 
each side ; then place a straight-edge across E, Fig. 23, at 
these distances, and lay a square upon the centre line, the 
edge of the blade in the same plane as the edge of the straight- 
edge, and try over with a pocket square, in order to ascertain 
that the holes and length are square with the centre line. 
By this means the rivet holes in the circumference, and the 
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vertical ones for the wrapper plate, are bound to be square 
with the boiler. The centre lines of the rivet holes are then 
marked with a surface gauge, using either the inside of the 
throat plate or placing it upon parallel blocks, and marking 
from the surface plate. 

When marking the holes-iu the back plate, it is first, 
tried over with a straight-edge, placed upon a surface plate, 
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trammelled for the centre line, and this line earned round the 
flange. A whole template is then cramped on, and all holes 
marked for stays and mountings. The plates are then turned 
over, placed upon treaties, and a half-gauge cramped on for 
marking the rivet holes. This hali-gauge — it has the same 




section as the wrapper plate— was drilled when straight, from 
the same template, and afterwards bent to radius, the same as 
the wrapper plate ; so that the holes in the back plate must 
come in exactly with the wrapper plate. The half-gauge 
is made to the right length, and this is marked upon the 
plate for shearing. All half-gauges or templates are made in 
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the same manner, so 
that with a system of 
templates thoroughly 
carried out, it is im- 
possible to go far__ 
wrong, and the saving 
of time and wages is 
very great After 
annealing the flanged 
plates, the wrapper 
plate, the back and 
throat plates are bolted 
together and riveted, 
and the box is then 
ready for jointing to 
the barrel. 

In jointing the 
casing to the barrel, 
Figs. 36, 37, it is first 
set square by means of 
the plumb bob A, 
utilising the original 
centre line marked for 
the flanger. The barrel 
is then bolted to the 
casing, being set by 
the aid of a spirit 
level, suitable packing 
being used to make up 
for the telescopic effect 
of the joints. The 
exact overall length is 
then determined, and 
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to the weldless ring and the back plate ; straight-edge3 
are then placed across, and measurements are taken with 
a longitudinal straight-edge. This length is made minus 
£ inch, because after riveting up the throat joint, and 
after the trial fire, the expansion will not completely recover 
itself by | inch. The outside diameter of the barrel at C, 
Fig. 36, being equal to the width between the frames, a line 
is thrown over, and then the strip D, equal to the width 
between the frames, is fixed to the back plate, giving a ^-inch 
clearance upon each side of the fire-box. The strips E are 
then bolted to the weldless ring, and a line carried round the 
boiler C", just touching the line at C, and equally divided at D. 
After trying if the box is parallel on each side with the lines, 
and should it be found, say, J inch wide at F and -fe inch 
at G, that is, a small twist upon the box, a stretcher is fixed 
in tension at H, and the radius of the flange paened at F 1 , the 
same operation being repeated at the other corner for -fa inch, 
until the sides of the box are made parallel with the lines 
and square with the framing. This paeniug is avoided as far 
as possible, but it is almost ab- 
solutely impossible to entirely 
dispense with it. If the box ia 
narrow, the stretcher should 
be in compression and the root 
paened inside. To maintain 
the level of the plate, the root 
should he the portion always 
paened. It is generally more 
difficult to set in, than set out. 
mtil the box is right, the length is 
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trials are r 



tried over again, the joint firmly bolted, and then riveted, as 
in Fig. 10. 

The boiler is now ready to be marked for the expansion 
angle iron, Figs. 36-38, and the longitudinal centre lines 



along the barrel. In this case the bottom edge of the expan- 
sion bracket is 2 feet 8 inches below the centre line of the 
boiler, and a gauge is first made, thus — 
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and then a straight-edge is fixed to the back plate at D, using 
the above gauge so that the top of the straight-edge is an 
exact parallel line with the cross centre line upon the 
back plate previously marked for the benefit of the flanger. 
The boiler is then levelled transversely. The radius of the 
barrel next the smoke-box is then ascertained, which is in 
the example before us 2 feet 1 inch, thus requiring a 7-inch 
packing between the bottom of the barrel and the plane of 
the expansion bracket, the radius of the third barrel-plate 
being 2 feet 2 inches, gives a G-inch packing for K, Fig. 36, 
which packings are generally of hard wood. Straight edges 
are then bolted to these brackets which are capable of 
vertical adjustment, and then levelled, because the boiler 
has already been levelled transversely. Owing, perhaps, to 
a little twist in the boiler from riveting up the throat joint, 
these straight-edges may not be in the same plane. The 
boiler may be just a shade up or down at the smoke-box end, 
only a very little, which cannot be altered ; consequently 
the middle straight-edge may be high or low, as the case 
may be — nothing to matter as a rule, otherwise there would 
have been a serious error. A line is carried from the fire- 
box straight-edge to the smoke-box straight-edge, having 
the thickness of, say, two or three pieces of paper between 
it and the straight-edges, which gives a better chance of 
seeing if the middle one is in the same plane ; then adjust, 
when the exact elevation or depression of the smoke-box end 
is ascertained. Afterwards place a long straight-edge across 
the three and level the boiler longitudinally, and mark 
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along the casing for the expansion bracket, the holes 
which have been drilled at the same time as the s 
Supposing the line for the edge of the bracket is, say, ^ inch 
out from the required position, it is passed; but if more, the 
boiler must be canted over, whichever way required, until the 
error is divided, ttiis requiring to be doue in something like 
2 per cent, of the total boders made. The brackets, Fig. 38, 
are steel castings, with the holes for clearing the stay heads 
cast in. They are bolted to the casing through these holes, 
and then the foreman tries them over, marking them and the 
casing with trammels for the riveter to work to, who notes 
that they do not shift in riveting. Four holes are marked 
from the inside of the casing, and the rest are drilled through 
a jacket. Having marked the expansion bracket, the longi- 
tudinal centre hue along the barrel has to be marked, using 
the above 2 feet 8 inch gauge, only the reverse way. 
Lines are thrown over the barrel, and the straight-edge M 
brought up to them, the gauge otherwise would cant over, 
and consequently not show the exact length. Each end of 
each section is then marked by scribing in between with 
shorter and more convenient straight-edges, at the same time 
carrying this hue to the weldless ring. The smoke-box tube- 
plate is then cramped on, the centre line of the plate to the 
centre line of the weldless ring. A straight-edge is then 
held upon the bottom edge of the plate, which lias been 
previously planed. It is then levelled, and the rivet holes 
marked with a ring punch. 

The dome is formed from an oblong plate of best iron or 
mild steel, welded at the seams and flanged at the bottom, 
with an angle iron ring at the top, and fitted with a 
wroughtriron or mild steel cover. The flanges of the dome and 
cover are faced, so that Bteam-tight joints are made. It is 
marked from template and sheared, allowing from £ inch to 
J inch for welding the contour to form the flange for riveting 
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to the boiler, and four holes being punched. The inside edge 

ia planed bevel for the scarf, the plate is then bent to radius, 

and rivets put in to hold it together whilst welding. After 

fixing the welding block and stand, 

with its platform for the smith and 

strikers, the porter bar is clamped 

to the dome shell. Fig. 39. If there 

is too much lap for the scarf, the 

ring after warming is pacned on the outside, and if too little, 

on the inside, until the required lap is obtained. The first 

ia a nice wash heat, the weld 

being shut about 6 or $ inches 

from one end, a fuller being used 

to bring the outside lap upon the 

bevel edge of the inside, the scarf 

being off. The welds are generally " shut " at two heats, 

applied alternately to a forward portion and a hind one, 

but if not properly welded up a third is required, the 

straightness and radius of the dome being watched throughout. 

Great care is taken with the heats, this being necessary, 





because the outside lap heats up quicker than the inside ; 
although a fire-brick is placed over the portion to be shut, 
which retains the heat well. After the seam has been shut 
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along its whole length, the end to be Hanged has a piece 
of bar iron welded across the joint; after this, it is never 
known to open during flanging. 

The flange is formed in a block, Figs. 40, 41, 42, about 
one-third to one-quarter at a time, after which it is set per- 




fectly right in relation to its axis and sides, using the gauges 
upon a block similar to Fig. 43. The dome is then placed 
upon the template, Fig. 
43, and squared up from 
the surface plate ; four 
holes being set out and 
the rest drilled through 
a jacket. For this pur- 
pose the dome is fixed upon a frame on an axis, in order to 
get the holes at right angles with the flange 

The seating for the cover may be flanged, or formed from 
an angle iron, which is bent to radius on a block at the 
furnace, the ends being bevelled to form a scarf; and in 
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welding up, a piece of square iron is let in at a welding heat, 
bent over upon the flat, and completely shut, the same pre- 
cautions being taken as to heating. All cases are finished 
accurately. It is then 
skimmed up for entering 
the dome, which is warmed 
and shrunk on. The two ffl II 

are drilled together whilst 

resting upon a roller frame, and afterwards riveted 
up. It is then cramped to a block in the lathe, squared 
to the face plate, and the face of the angle turned up ; after- 
wards drilled, tapped with a lightning tapper, and riveted 
to the boiler. It is found by following out the above treat- 
ment, that although the dome has never been near the barrel 
before, it is almost absolutely correct, certainly sufficient for 
all practical purposes. The covers are dished at the steam 
hammer, the tup and anvil being convex and concave, and 
finished by turning the faces and edges. 

The safety valve seating is made similar to the angle ring 
in the dome, using the required section of best iron or mild 
steel, and flanged to the radius of the outside fire-box shell ; 
now, however, speaking 
generally, a steel casting 
is used. The holes are 
marked from a template' 
similar to the dome tem- 
plate, Fig. 43, the scriber 
D being used to set out 

how much must be turned from the seating. Four holes are 
marked, and the rest drilled through the template or jacket. 

The inside fire-box shell is made from the best quality 
copper plates, having a tenacity of from 13 to 14 tons per 
square inch, 45 per cent, elongation on 8 inches, and 50-60 
per cent, contraction of area; the stays of about 14 tons per 
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square inch, 4.5 per cent, elongation on 8 inches, 55-60 per 
cent, contraction of area, also bearing the test of being bent 
double, cold, without any signs of cracking. The crown and 
sides are in one plate similar to the outside casing, and the 
tube plate is widened out, forming a pocket or " joggle " on the 
side plates to allow a wide spacing of tubes. The roof is 
stayed with eight girder stays of good well-annealed steel cast- 
ings. Figs. 15-17. The 
copper stays are screwed 
tightly into the fire-box 
and shell plates by hand, 
in order to be absolutely 
certain as to the tightness 
of the same. In cutting 
, off the stay ends, care is 
taken not to injure the 
threads, and a projection 
of about J inch is allowed 
on the inside of the fire- 
box, and | inch on the 
outside shell, after which 
the stays are carefully 
laid over to a neat job, 
inside and out, without 
being snapped, with hani- 
Fio. 46. mers not exceeding 4 lbs. 

in weight. Snapping is 
a bad practice, as it indents the plate, forming receptacles 
for verdigris and corrosion, which eventually entails the 
use of stays as much as 1£ inch in diameter. Basic steel 
stays are also used, with reputed success. 

The copper plates are treated in the same manner as the 
steel plates as regards drilling, planing, &c. They are flanged 
by hand, as represented by Figs. 44-46, and the following is 
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substantially the universal method of dealing with them. 
Five heats are required to complete the back or fire-hole 
plate, viz. two for the flange, two for the fire-hole and one 
for annealing by quenching. A third heat is very seldom 
required for either process, save upon rare occasions, and for 
general practice it is not necessary, but owing perhaps to 
some delay, or the flange being not quite down upon the 
block, it is sometimas rendered imperative. The tube plate 
requires four heats ; at the first, the corners are worked to 
avoid concentrating the metal, which would otherwise pucker 




Scale II -I Fool 



up, and as much as possible is done to the top flange. After 
the second heat further progress is made, usually the flanges 
being finished as near as possible with mallets. The third 
heat is devoted to finishing with flatters which are about 
4 or 5 inches square, and the fourth to annealing by quench- 
ing. After flanging the copper back plate it is bolted to the 
outside back plate, and the fire-hole rivet holes drilled. A 
machine has been designed by Mr. Webb for this purpose, 
Fig. 47. After the inside fire-box crown plate has been bent 
to radius, the joggle is set in by heating and hammering into 
a block having the same joggle as required by the plate. 
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The set commences as far as possible from the edge, and 
near the second row of stays, ensuring that the plate is not 
drawn, and that the rivet holes will come almost exactly- 
central with the centre line on the flange of the tube plate. 
These holes are opened out by a hand drill. The advantages 
of the joggle or pocket are very doubtful, and in many cases 
it is being dispensed with. The three plates are then 
bolted together, the corner rivet holes opened out, the 
foundation ring put on, and the corners bedded to it. The 
roof stay bolt holes are opened out with a special tool having 
the required taper, as at a in Fig. 16, which clears out the 
hole until a facing cutter just skims up the inside of the 
crown, to give a good bed for the roofing stay bolts. 

The roof bars are then fitted on, the clearance between 
the top of the box and the bottom of the stay for the ferrule 
space having been previously planed away. The ends are 
then marked for machining, to bed on the corners of the box 
and to bring the ferrule distance right, by using an ordinary 
forked scriber. The bars are squared up to centre lines, the 
holes marked for 'the shackle cotters to template, the holes 
drilled for the stay bolts through a jacket at a multiple 
drilling machine, tapped with a lightning tapper, and bolted 
up with a 6-foot key. 

The inside box is then lowered into the outer shell. In 
order to get it far enough back to enter the fire-hole door 
flange, the foundation ring is removed. The palm stays 
and other odd rivets having been put in, it is ready for being 
tapped by the quadruple tapping machine. This machine, 
which is shown in Figs. 48-50, consists of a framing, secured 
by angle irons to the foundation ring, and is entirely rope- 
drive^ each tapping stock being driven separately. The 
main driving rope from the counter-shaft is 1 inch in 
diameter, and passes round the pulley A, the power being 
transmitted by 1^ inch by £ inch belts to the corner pulleys 
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and this in its turn to the tapping stocks by a f-inch rope. 
As the course of the rope for each stock is similar, a 
description of one will 
suffice. B is a fast 
pulley driven by D, C 
being a loose pulley. 
The rope leaves B, 
passes round E to the 
tapping stock F, thence 
to the looge pulleys G 
and H, K being fast, 
from H to the centre 
of the machine, over a 
loose pulley, and round 
one of the counter- 
weights L to B again. 
Ting valuable labour- 
saving apparatus was 
designed by Mr. As- 
pinall. The roof-bar 
shackles are put in and 
eotteredup undersb'gbt 
tension. 

The wash-out door 
is a well annealed 
steel casting, riveted 
5 under side of the boiler in front of the 
fire-box, the cover being made with a cone 
joint. Brass taper mud plugs are placed at 
the front and back of the fire-box, and in the 
smoke-box tube plate. The boiler is now- 
ready for the mountings, the caulkers having done their work 
at the proper period, following upon the riveters. 

The copper piping for the ejector and injectors, 4c, is 








first put in, drifted and fermled; then a specially designed 
surfacing machine is cramped to the fire-hole, and the surfaces 
got up for the regulator gland, injectors, ejector, jet, water 
gauges, &c, and these bedded to the machined surface. The 
fire-hole door, Fig. 51 (Wehb's), and hand-rail studs are 
fitted into their places, working to the centre lines of the 
boiler. The regulator steam pipe elbow is levelled in the 
dome, and the copper pipe with the cone on it is bolted up 
to it, then a coppersmith fixes the flange for the tube plate 
joint ready for brazing. The tubes, if copper, must be solid 
drawn and seamless, perfectly sound and well finished, free 
from surface defects, and also capable of withstanding expand- 
ing and bending, without showing the least sign of splitting 
or cold shortness whatever. 

The ends should not be annealed, but left " hard " or 
"half hard" throughout, because, if the ends are annealed, 
the junction of the hard and soft metal becomes a plane of 
weakness, and the tube invariably collapses there. 

The thickness must be 10 I.W.G. for 12 inches from the 
fire-box end, and then taper from 10-12 I.W.G. in a length of 
18 inches, the remainder parallel, and 12 I.W.G-. thick ; to be 
swelled -^ inch at the smoke-box end for ?• inches, to facilitate 
withdrawal. 

Slight deviations may occur, e.g. cambered tubes may be 
required, which should be specified when ordering. 

The weight per lineal foot is as follows : — 



. outside diameter, I • 9S lb. , 
2-15 „ 



of 10 per cent, above 



[} 



They must be free from dirt, inside and out ; each tube must 
be branded, and also capable o(' sustaining an internal pressure 
of 800 lb. per square inch and an external of 250 lb. per 

D 2 
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square inch. They are put in, expanded at each end, and 
fermled in the fire-box. The longitudinal stays are bolted 
up, using copper washers between the nuts and the plates. 
The dome and safety- 
valve seatings have a 
finishing cut in their 
placea, a small machine 
being designed for the 
purpose, this having 
been found necessary 
because the surface ob- 
tained from the lathe was irregular owing to vibration. 
The whistle-stand joint is made by screwing a piece of 
piping through it and the J-inch plate, steamrtight, as 
Fig. 52. The fusible plugs and brick arch studs are put 
in, and all joints made with a fine seam of thin red lead. 
Water is then put in and warmed, afterwards pumped up to 
200 lb. per square inch, then drawn off until the gauge glass 
is left just full, and the boiler fired up for five hours, steam 
blowing off at 160 lb. per square inch. 



SECTION II. 
THE FOUNDRY. 



Part I. — Iron. 

During the past few years, the encroachment of steel castings 
upon the sphere of pig iron has heen very extensive, and 
perhaps this statement may also forcibly apply itself to the 
forge and smithy. In order that castings may be considered 
first-class, it is requisite that they should be quite compact 
and sound. This is of greater importance in specifying 
castings in foundry practice, and is more valuable in 
determining their strength than the quality of the mixings 
from which they are run ; therefore in all cases castings are 
designed with a view to free themselves from blowholes and 
dirt, heavy sections being cast uppermost, so that there is 
not any shrinkage due to lack of feeding. Fillets are well 
attended to, because, instead of being a factor of safety, they 
may become the reverse. They should be curved, because 
there is then less liability to crack than when made straight ; 
and frequently light sections of a complicated casting are 
strengthened, in order that internal strains may be equalised, 
as well as to avoid draw, caused by unequal contraction. At 
the same time due consideration should be given to the 
crystallisation of the metal, the contour of all castings being 
as far as possible free from abrupt changes. 

The difficulties met with in the iron foundry, as com- 
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pared with those in the steel foundry, are comparativ 
nothing. The mechanical proper tics am! constructive uses of 
iron castings, set them entirely apart from steel, but generally 
speaking, the one element, carbon, characterises the quality 
of each. The greater the content of combined carbon, the 
harder and less fusible the pig ; the greater the content of 
graphitic carbon, the softer and more fusible., and cases are 
known in which silicon up to 3J per cent, lias been added 
to white irons, resulting in good strong soft castings. Phos- 
phorus of course, renders the metal more riuid, but the 
resultant casting brittle, llemelting iron up to a certain 
extent improves its tenacity and transverse strength, hut 
beyond, these properties suffer, and its resistance to crushing 
and hardness increases. 

The tensile test is the most trustworthy for iron castings, 
as its results are much more favourable to a good working 
foundry mixture than the resistance to crushing, because 
frequently the best crushing tests are quite unsuitable 
for foundry use- Commercial testing is generally made 
upon bars 3 feet by 2 inches by 1 inch without being 
machined, specifications requiring from 25 to 32 cwts. as a 
central breaking load, allowance being generally made for 
blown and scabby samples in such terms as, "Should any 
of the tests be lower than 1 per cent, of the above strains 
they will be rejected." Some American specifications state 
that the bars shall be east horizontally, the pouring to be 
done at two points simultaneously, the gates being one-third 
the distance from either end. When east otherwise the 
method must be accurately reported to the purchaser. Dry 
sand moulds are used, the tensile and compression test bars 
being taken from the transverse bars. Bottom-poured bars 
are objected to, because they chill readily, through the metal 
constantly coming in contact with a higher and colder 
portion of the mould, and everything points, as far as the 
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author is aware, to top pouring as being the most beneficial, 
especially with a goad head of metal, for then the tensile 
result may be improved from 5 to 8 per cent. Generally 
the tensile tests do not exceed 8 or 9 tons per square inch, 
but are always specified to exceed 7 tons per square inch, 
and the author has tested samples of general iron up to 11^ 
and 12£ tons per square inch ; cylinder iron to 13^ and 14 
tons per square inch ; each having very good fractures and 
being good workable metal. The tensile tests are always 
made with shackles having spherical scats, as the ultimate 
strength is very much affected by the non-axial position 
of the sample. It is frequently asserted that American 
Castings are far ahead of English, and probably taking them 
weight for weight and sectional area, they are stronger ; but 
at the same time, the strongest and best castings can be 
obtained from the English foundries, provided the purchaser 
is prepared to pay the price. Hence, the skill of a foundry 
manager is taxed to a great extent in blending -certain 
brands of pig of which he has practical and analytical 
knowledge, to produce the class of casting required, embodying 
the requisite hardness or softness, with strength and tough- 
ness. This is carried out to such an extent in some foundries, 
that the selected brands are melted together, cast into pigs, 
broken, the best fractures reserved, and at the same time test 
bars are cast, in order to gain information for this special 
work. Should a contract be let at a very low figure, stringent 
means must be taken to keep the founder up to specification, 
and then, with all care, an inspector is not absolutely certain 
that his transverse bars are of the same quality as the 
eastings, or even if they are from the same heat, therefore 
such samples should form part of the castiug, and the 
inspector should see them broken from that casting, or, 
as in the case of girdars and similar work, from 2 to 4 
per cent, extra should be cast, and then selections made 
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from the bulk, tested to destruction, and should the selection 
break below the specified load, the bulk should be con- 
demned. It is often advisable, in these deflection tests, to 
note the ratio of the first permanent set to the ultimate load, 
which is perhaps sometimes a fine accomplishment, and 
rewarded by curious results. 

In moulding, many of the operations are common to 
all eastings. Patterns should have good draw, and be pro- 
vided with draw screws or irons ; the rapping holes and 
the general arrangements for loosening should also be well 
attended to. Core prints are not absolutely necessary in all 
cases ; where they are large and rest upon the bottom of the 
mould, they can be set in position by measurement, and 
their weight, or the combined weight of them and the top 
part of the mould, will keep them in position, but usually 
cores are fixed by means of prints, and justly so, because 
they will save time and the risk is infinitely less. The 
cylinder patterns and large pipes are lagged up, which is 
the correct way, jointed longitudinally and accurately 
dowelled. A large piece of timber, well seasoned and dry, 
is not always available, and there is a greater amount of 
warping and shrinkage than when lagged up with lj-inch 
timber. In the end it is cheaper to form the shape between 
the two cylinders, by a shaping core, because if this was 
formed by the pattern, it would make the pattern very weak 
where it requires to be strongest, not to mention the use of 
gaggers and irons. 

The facing sand for large castings consists of red sand, 
road sand, coal dust and horse manure, whereas for smaller 
work it is of a very much simpler composition, viz., red and 
black sand only, whilst for core-making a loam oi red sand 
and manure is used ; but if the red sand i3 not so open as 
usual, a quantity of road sand is mixed in, and riddled 
according to the nature of the work. Dry sand moulds 
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should be well dried, otherwise they will sciib, and for this 
reason the green sand moulds should not be rammed too 
hard, consistent with swelling. Gaggers, studs and eliaplets 
are well set, and attention is specially given to venting, ac- 
curately illustrated by examples to follow. It is a question 
in the minds of some foremen, as to whether risers should be 
open or closed when casting. If they are closed, the iron 
falling into compressed air as it were, cannot fall so heavily, 
the metal cannot rise so fast or seethe against the sides of 
the mould, which will prevent scabbing ; but at the same 
time there should not be any noise created by the escaping 
gases. Tliis question should also be considered at the time 
of casting, with the heat of the metal, and whether poured 
from the bottom or top. In order to facilitate the removal 
of impurities, skimming gates or cores are sometimes used, 
or, as in the case of cylinders and other large castings, a 
large basin is used, which is always filled before the metal is 
allowed to flow down the leaders, which prevents all dirt 
and scum from entering the mould. When casting in green 
sand in the foundry floor, the bottoms are carefully rammed 
and vented, the surfaces not too hard, as they do not always 
give the best results, and simply tapping a pattern into 
loose sand should be watched and condemned. Many east- 
ings of this description have their contour spoiled by an 
ugly joint, and the best judgment should be exercised in 
making irregularly parted moulds. If a joint can be made 
so that the gaggers can he squarely and easily placed, 
and so rammed with as little sand under the gaggers as 
possible, that joint has the best chance of being successfully 
lifted. 

The general arrangement of the foundry is obviously 
a matter of great importance. It should be spacious and 
lofty, so that all gases, smoke, steam, &c, which are always 
generated at casting time, may readily get away ; light is also 



42 r:OSSTRrCTT0N iiF THE MfjhERX !.<""' i"i.\MT I VF. 

■ factor Gl great moment. Generally, a certain portion of a 
foundry ia i CK&Mivelj devoted to plate moulding, and is 
traversed by a light overhead hand-power crane, and the 
kef is iiriiirr^'l ueonfillg t.o the space anil quantity of work 
required, there being straight runs, each divided by a pave- 
ment of cast-iron plfitos. The divisions should be of suffi- 
cient width t.o iicc.inmiMlate two rows of boxes, with a 
mound of sand between them, the width corresponding to 
the class of work to which the apace is devoted, such as 
engine brake blocks, waggon ditto, fire bars, top and front 
steam chest covers, axle Iwxes, &c. The moulding boxes, 
(having the lugs at the ends instead of the sides to economise 
space), should be well -fitting, the corresponding halves being 
rammed, and brought together by their pins. The advan- 
tages of plate moulding cannot he over-estimated for quality, 
rapidity of work and cheapness. Wherever there ia a re- 
petition of a single article required, it should be put on to a 
plate pattern, either in iron or brass, and when making the 
wood pattern for this purpose, it must be remembered that 
two contractions are to be allowed for. 

Plate work \a carried out to such an extent that the 
patterns may include such articles as flanges of all descrip- 
tions, hydraulic or otherwise, tube plugs, coupling rod bushes, 
brackets, details of the water pick-up and fire-hole door, grids, 
iviishers of various descriptions, ■mall grooved wheels, &c, 
which will bo illustrated further on. Economy ia derived 
from the fact that a special class of workmen may be re- 
served for this class of work ; also because the boxes are not 
brought together until the mould is finished, and the runners 
are not cut by hand, because they form part of the pattern in 
the plate. The bdXM require to be rammed fairly well, or 
the casting will swelL The vent wire is not absolutely 

m sBftiyia all eases, and very few castings are lost from 

BCtbbilig, Tl is used for the larger portions of work, such as 



THE FOUNDRY. 



43 



steam chest covers, engine brake blocks, &c ; but with such 
work as fire bars, small brake blocks, chairs, &c., it is not as 
a rule required. 

The larger descriptions of moulding, such as foot plates 
and a variety of general work, should be done in that portion 
of the shop where there is suitable lifting tackle, and pro- 
vision should be made for transferring heavy ladles of metal 
from one portion of the shop to another. 

The heaviest portions of dry, green, loam, and open sand 
moulding should be grouped together, and there should be 
convenient pits for pipe work, the whole foundry being also 
supplied with hydraulic jib cranes where necessary. The 
blower, wheel moulding, and other machines should be placed 
in the foundry fitting shop, and the fettling shop should 
immediately adjoin the foundry. All castings pass over the 
weighing machine to the Btores. The entrances to the drying 
stoves, which are cither heated by producer gas or fired, and 
near which, as far as possible, all the dry sand work is done, 
are flush with the outer wall in all modern foundries, the 
stoves themselves being outside. The tapping holes of the 
cupolas for heavy castings are also flush with this wall, and 
landers bring the metal into ladles at convenient crane dis- 
tance from the wall ; whereas the topping holes for shank ladle 
work are sometimes placed upon the opposite side in the breast, 
and this is generally found to be very convenient. Arrange- 
ments are generally made that all sand, coke and pig, shall 
be brought up in such a convenient manner that the sand 
store is immediately adjoining the grinding mill or disinte- 
grator, and the coke and pig in stacks about the cupola, being 
raised to the charging platform by means of hydraulic hoists, 
where natural advantages do not admit of this being on a 
level with the various stacks. 

It is advantageous to have two cupolas, and work them 
alternately, the common shies being from 2 feet 6 inches to 4 
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feet, ami the total height of the blast stacks varying according 
to the work and nature of the fuel. The positions of the 
tuyeres and charging holes are important. In the former 
case the position is determined by the class of work to be 
done. Where heavy castings are made, and consequently a 
large body of metal is required, the tuyeres are placed high, 
the object being to have a large body of metal in the bosh, to 
retain the heat, also giving a greater facility for the different 
brands of pig and scrap to thoroughly blend, melting more 
and running longer heats. Where small eastings only are 
required, the tuyere is placed lower, and has the advantage 
of saving fuel, but the same depth of fuel is required over 
a low tuyere as over a high one. The position of the 
charging hole is most important, because the higher it is in 
reason, the less proportionately the consumption of fuel will 
be; for this reason high cupolas hold the heat, make the 
iron hotter, and melt it faster. This can be practically 
exemplified where convenient, by raising the charging hole 
for two or three charges. It is evident that the more charges 
there are in the cupola, the greater amount of heat will be 
absorbed which otherwise goes up the blast stack, and 
consequently when the charge comes to the melting stage it 
will melt quicker and hotter. 

The fuel should be good hard coke, as free as possible 
from sulphur. Speaking generally of coke, the heating 
power may as a rule be taken to approach somewhat closely 
to the content of carbon. The purest samples of coke will 
only contain about '5 per cent, of sulphur, whilst the most 
impure will have about three times that amount present. It 
should be as free as possible from black ends, because these 
contain more of the volatile matter existing in coal, and 
they are more porous, absorbing a greater quantity of 
moisture when quenching, than dense coke. Good coke 
should not exceed 1 ■ 25 per cent, of volatile matter besides 
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moisture, and the lower the content of volatile matter, 
including water, the less will bo the loss of heat. Ash has a 
detrimental effect, because it is fused, consequently more 
limestone is required, and it probably brings in the sulphur ; 
however, a small increase in the content of ash may be to a 
certain extent ignored, providing that the mechanical pro- 
perties of the coke are such that it will withstand a good 
crushing load, is hard, and almost of a metallic lustre. Soft, 
tender, friable coke must be avoided, because it cannot 
withstand the weight of the charges, and is more easily 
affected by C0 5 , consequently is consumed faster and melts 
less metaL To those who have charge of cupolas this result 
is well known ; with the former they may probably finish 
Charging several hours before the latter, and then not as 
great a quantity of metal melted. The analysis of coke may 
vary in carbon from 87 ' 5 to 95 ■ 5 per cent. ; sulphur ' 3 to 
1 ■ 5 per cent. ; ash 2*5 to 10 per cent. ; moisture 1 ■ 6 to 3 ■ 5 
per cent. ; and some cokes may be found dry ; but as with 
steel, the chemical properties should always be bracketted 
with the physical, otherwise it is useless. The quantity con- 
sumed is about 1*5 to 1*75 cwt. per ton of iron melted, or 
2-5 to 2*75 cwts. per ton of castings passing over the 
weighing machine, which is about equivalent to American 
consumption ; and the quantity of iron melted in a 4-foot 
cupola is about 3 ■ 5 to 3'8 tons per hour, including lighting 
up, a fair day's work being from 35 to 40 tons per ten hours' 
shift But this of course varies according to the work in 
hand ; as much as 70 tons may be got out in a twelve hours' 
shift with continuous working, there being a greater economy 
in fuel by having heavy charges. The foundry foreman 
should keep a strict account of iron melted, castings pass- 
ing over the weighing machine, and the average consumption 
of coke, thereby always having a check upon tire cupola 
account. 
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In preparing the cupola, it is first well cleaned 
especially for or 8 inches above the tuyere holes, using 
hammer and chisel when necessary, cleaning the whole of 
the inside carefully without removing the glossy skin; all 
furrows should be filled up with ganister, and under good 
management the liuiug will wear very evenly. The bottom 
is then made with moist black sand, which is well rammed, 
and afterwards sleaked over with clay wash or blacking, 
it being slightly incliued to each tapping hole. The tapping 
holes are then well rammed up with ganister and red sand 
from the outside against an inside support, there being a 
round bar inserted to form the tapping hole, which ia not 
more thau 2 or 3 inches long. The fire is then lighted and 
the breast built up with hard burned coke, the plate put 
on and black sand rammed between, the tapping hole in 
thia plate being made with ganister. After the blast has 
been turned on, it is allowed to blow through the tapping 
holes for twenty minutes or half an hour in order to get thern 
thoroughly dry, which is important, otherwise much trouble 
may be caused, perhaps necessitating the use of a sledge bar. 
About the average time of starting the fire is two hours before 
the iron is charged, and the coke should be from 12 to 
18 inches thick above the tuyeres, burning well and evenly 
throughout, but it is possible to tap out in an hour from 
lighting up. Each time after tapping, the hole is stopped 
with a mixture of clay and coal dust, the latter preventing 
the clay from setting too hard and causing it to crumble when 
tapping out. The stopping is applied on a rod, and is best 
inserted at a slight angle from the top of the metal, which 
lessens the risk of it being washed away and the consequent 
filling of shank ladles too full, running upon the floor, and 
general confusion. 

It is almost impossible to work a cupola to a time-sheet, 
as one day it may be wanted to work fast, or perhaps two 
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may be on together ; another day cold or hot, hard or soft, 
according to the quality of castings required, that is generally 
speaking of contract shops ; but with railway work, which is 
so regular and well known, it is very much easier to regulate 
and approach somewhat time-sheet working. Foundries 
noted for turning out castings of the required grade, run their 
heats separately, which can be done without dropping the 
bottom of the cupola, by clearing out through the breast the 
clinkers, &c, until it is certain that this cupola is clean. 
This of course takes from half an hour to one hour extra, 
and more coke is consumed. It appears almost impossible to 
run two heats of different grades of iron without getting them 
intermixed. This is especially the case where the charges are 
small, as there must always be globules of metal remaining 
about the fuel and sides ; however, as a rale, one class of 
metal is run off before the other is seen to be coming down ; 
especially in the case of cylinders, when the bottom is run quite 
dry before the cylinder metal is seen to be melting. It is a 
good practice to put a charge of general iron in between a 
hard and soft grade. The iron never gets into the tuyeres or 
blast chamber, as by knowledge of the cupola and a careful 
watcli this is prevented. The slag is also watched through 
the tuyere holes, and when it is seen to have risen high it is 
tapped out, perhaps about three times a day. Of course it can 
be higher than the tuyeres without entering, as the pressure of 
the blast carries it to the centre of the cupola. The blast 
chokes and chills the fuel at its entrance, and as soon as this 
is noted to be of any extent, it is rabbled into the centre of 
the cupola. Limestone is used as a flux. About 100 to 
150 lbs. is sufficient for 4 or 5 tons of metal, a portion being 
put on with each charge. It also helps to clean the cupola 
and make it drop better, which is done after the last metal 
has been tapped out, the cinder and dirt being raked away. 
The drop is not absolutely the best form of cupola, although 
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very convenient, and is only tolerated in foundries where it 
ia not absolutely necessary to have the first and second heat 
hot. The bottom, having to be made every morning, ia cold 
and damp, whereas with a permanent bottom it is always 
dry. In the latter case, the cinder and dirt have to be raked 
through the breaat, and consequently requi re a more room. It 
is very rarely that there is any metal left in the bottom, if 
so, never more than half a hundred- weight, which is picked 
out of the cinder and is good scrap. 

Iron mixings generally consist of one of 30ft pig and two 
of good scrap, or two of soft pig and three of good scrap, but 
if a very soft casting is required, select two brands of pig and 
no scrap, because every time iron ia melted it becomes harder ; 
but it is not always advisible to use all pig, as a certain per- 
centage of good scrap will make the castings stronger and 
cleaner. One-fifth of good scrap is used in casting the 
cylinders, the brands of pig being selected from experience : 
say Madeley Wood, Carron and best cylinder scrap. Wrought 
scrap and white iron generally give trouble, through not being 
intimately mixed, unless the charge is large and sufficient 
time is given for them to blend in the boshes, which will 
hold at least twice as much before twelve o'clock as after. 

The moulding and casting of the double cylinders is about 
the moat important and difficult piece of work in the whole 
foundry. The casting must be perfectly sound and the metal 
of high quality, hard and tough, but at the same time capable 
of easy machining. The metal is poured into the mould as 
hot as it is practicable, because the hotter it ia poured, the 
sounder and cleaner the cylinders will finish. Smooth- 
skinned cylinders may be obtained by dull casting, but 
soundness is sacrificed for smoothness. Hot pouring is a 
great trial to the mould, because the metal will find its way 
into poor joints and vents, the latter causing the easting to 
blow and scab, also destroying cores or mould if burnt in 
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drying. There is not much risk as a rule in the mould ; but 
the danger lies chiefly in the cores, as they are numerous and 
of complicated shapes. Great attention is bestowed in secur- 
ing the vents and setting the cores in their prints, the moulder 
clearly satisfying himself that the loam does not plug up 
vents, and as little is used as possible, especially if the mould 
is going to be cast immediately. The hay rope round the 
body cores is bound as tight as the rope will stand, or it will 
slacken, and then it will be impossible to sweep up the cores 
solid and true. In making the cores a finer sand is used for 
the face than is required for the centre, where cinders are 
often used. Fine sand gives a smooth surface, but is bad for 
getting the gases away. They are put into the drying stove 
as soon as possible after making, because air-dried cores 
crumble. The cores are either made in boxes, struck up from 
a hoard, or as the S cores, partly made in a box and partly 
swept up, which is very handy for the moulder and easy for 
the patternmaker. The shape of the core-boxes can be clearly 
surmised by reference to the cores in the drawings of the 
cylinders, Figs. 57-60. The patterns are shown in plan and 
elevation in Figs. 53-56, all core prints being indicated by 
diagonal shading. 

When the cylinders are not moulded from iron patterns 
on a machine, the following method may be taken as an 
example : — The top half or steam chest portion is placed at 
the bottom, in order to get all the steam passages and valve 
faces perfectly clean. Place the joint of the pattern K, Figs. 
53-56, upon a "turnover board," which in this case is an 
iron bed-plate on the floor level, and line up with facing 
sand ; put on the middle box, aud ram up with backing sand. 
Vent all round with -^-inch or |-inch vent wire, placing 
J-iuch iron in front of the leaders L, Figs. 58 and 60, to 
strengthen and prevent the metal breaking into the mould. 
Gaggers, like loose irons, are placed between the body core 
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prints, to bind the mould at this point ; also between each of 
the webs M, Fig. 53, the valve rod core, and in front of the 
blast pipe seating N, Figs. 53 and 58, N', Fig. 53, being loose 
formers, which remain in the mould when the pattern is 
drawn, and afterwards removed. A shallow groove is also 
formed and filled with cinders at M, Figs. 53, 57, 58, and a 




|-inch vent wire is pushed down to the foot of each gagger, 
An angle-iron is used sometimes at this joint to strengthen it. 
Parting sand is then sprinkled upon the core prints and joiut, 
the bottom box placed on, rammed up and vented all over, no 
gagger s being required in this box. This portion of the 
mould is then turned over, placed in the pit, and the joint 
made good and solid ; that is, although it has been 
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»m the opposite side, it is tested all over to find the weak 
places. The other half of the pattern P, Figs. 54-56, is then 
placed in its dowels, lined up with facing sand, the top box 
put on, gaggered, rammed up with backing sand, and vented 
all over as indicated in Fig. 57. The top box is then lifted, 




turned over, and the pattern drawn, using the crane straight 
away to separate the middle from the bottom, drawing the 
pattern from the middle. When the middle box is separated 
from the bottom it leaves the steam chest core prints, the core 
N, Fig. 58, and the loose formers N', Fig. 53, so that each 
portion of the mould can be easily got at and finished, 
E-2 
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making good all portions disturbed by drawing the pattern, 
and then fin, as little as possible consistent with a risk of 




crushing, aa a fin is always preferable to a crush. Sleak 
over with blacking, which gives a gas-evolving, or kind of 




and tliia remark will suffice for all aide ami Lightening cores. 
The moulds are then well dried; afterwards the bottom 
portion is separated, and the "steam chest cores fixed, S, Figs. 
57 and 59, making good all round the joints of the prints, 
these cores being held down by bolts to the bottom of the 
box. The drain chamber core is then fixed upon four studs 
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T, Fig. 58, which by means of two 1^-inch round cores, form 
a communication between the two steam chests, and further 
by means of the cores T', Figs. 58 and 00, with the pet cocks. 
The S and exhaust cores are then fixed and all joints made 




SECTION CD. 



secure ; Figs. 57 and 59 allowing them in position secured by 
the bolts b, the vents in the S cores being formed by a straight 
wire and joined at tie curves by a piece of string, the gases 
striking through the holding-down bolts. Plaee the steam 
chest cover core in its recess V, Fig. 50, and drop the middle 
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box upon the bottom, then carry the core V 1 , Fig. 59, forward, 
making the back good with sand, fix in the vent pipe W, 
Tig. 59, which enters the cinders of the steam chest core S. 




Then well Btopup the joint between the two boxes with h 
and place the valve spindle cores X, Figs. 58-9, the prints for 
which have been formed by pocket cores, and loam the joints 
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of these up. This portion is then placed in the drying stove 
again for twelve hours anil afterwards placed in the pit, the 
sand of which has been lightened up and sprinkled with hay. 
The centre shaping core Y, Figs. 57, 58, GO, is then placed 
upon studs. There is generally about -ft, inch space between 



FIG.GO. 




this core and the top shaping core, which is made up with 
loam to prevent crushing, the gases from this core being con- 
veyed by the g-inch vent holes Y', Figs. 57, 58 and 00, from 
the cinders in the bottom core to those in the top. The two 
body cores are then fixed, and the whole passed by the fore- 
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man. The boxes and body cores are then cottered up, and 
joints made secure with loam, especially at the fin F.Fig. 59. 
It will be observed that there are not any feeders or risers 
beyond the leader, and these have not been found to be 
necessary, the head of metal in the basin over the leaders 
being quite sufficient. By means of the core prints C P, 
Figs. 54 and 56, and the core Z, Fig. 57, these patterns can 
be utilised for another class of engines, having a leading 
bogie. 




Saile lj" 



Fig. 61 shows the method of casting the covers, and Figs. 
62 and 63 the front and top steam chest covers, the two latter 
being examples of plate moulding, the core in Fig. 62 being 
shown in dotted lines. Fig. 64 is the piston head, and when 
a moulding machine is not used, Fig. C5 shows the method of 
easting barrels for the piston rings in the foundry floor. 

As the cylinders may be taken as the best examples of 
setting cores and securing their vents, the foot or drag plate 
may be taken as an example of an irregular joint, and the 
setting and wedging of chaplets. It consists of a heavy 
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casting, having projections for securing the brake cylinder 
and the brake shaft carriers. It is shown in longitudinal 
section in Fig. 66, and transverse section in two planes in 
Fig. 67, Fig. 68 with its scale being an isometric view of the 
core M, which is the principal one in this casting, the minor 
cores being the lightening ones M'. The top halves of each are 
necessary as making-up pieces, because the prints of these 
lightening cores and the body core M are nearly at the 
bottom of the pattern, which has to be drawn, and N, 
Figs. 66 and 67, is secured by the bolts 6 for the clearance 



Fig 65 




I 



space, for bolting the easting to the frames. It is bottom 
poured at P, the tail end of the casting, the leaders having a 
break and connecting runners for convenience, winch also 
lessens the fall of the metal, the facing strip P' being formed 
by a loose strip on the pattern, and there is a riser at E, 
Fig. 66. 

In the first instance the pattern is fixed face downwards 

and packed up, the bottom box placed in position and 

rammed, cinders being put in layers opposite the holes in the 

" " '■ box for ventinc. After tlio first casting has beeu 
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made, the top joint ia used as a turnover board for the 
pattern, which acts aa a kind of print and indicatea at once 
the exact position the pattern should occupy, without any 
further measurement or setting. After the bottom box haa 
been rammed up it is turned over, and if the top box has 
been used as indicated, the old sand is knocked out, the box 
placed in position, the pattern lined up with facing sand, 
gaggered about every 4-inch space, rammed with backing 
sand, and vented all over. 

Reference has already been made in the general remarks 
to the making of irregular-parted joints. As a rule, an angle 
of about 60° to 80° will give a satisfactory lift, as at K, 
Fig. 66. K' would give an easy free lift, but necessitates 
using a great number of gaggers, whereas K" would only be 
made use of by a most inexperienced moulder, and such a 
man would use a riddle full of sprigs in making this joint. 
The core M does not require bottom chaplets, because the 
core iron is of sufficient strength to carry it from print to 
print, such a core iron being capable of carrying a core of 
6-feet span between prints. This core is vented by the gases 
striking through the cinders, and conveyed by the vent pipe 
through the side of the box. Another method, and the one 
most frequently adopted in venting this core, is to bring 
the cinders up to the joint to meet those in the box, and 
then the joint is securely made, so that the metal cannot . 
burst in on the cinders. The core for the drag pin is placed 
in position, and the joint passing through the large core M 
secured. 

In the section. Fig. 66, only two chaplets are shown, but 
five are used ; three along the centre, and one each side, at 
the broad end. They must be so wedged down that the 
pressure of the metal due to head cannot force the core up 
and destroy the formation of the casting. Their heads must 
be made to rest fair and square upon the core, the moulder 
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clearly satisfying himself by trial that this is the case, and 
as little blocking (which should be avoided) and wedging as 
possible. All this is absolutely necessary, because frequently 
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castings are lost through inattention to chaplets. In the case 
before us, it is the custom to place a 5-ton weight upon the 
top box for weighting purposes, and it is so fixed that there 
shall not be more than about | inch space between the bottom 
of the weight and the top of the chaplet stem. It is then 
possible to fairly secure them with two small wooden wedges. 
There should be a small clearance of sand round the chaplet 
stems, otherwise in pushing them down upon the core, or the 
vibration set up in wedging, may cause sand to fall out and 
damage the contour of the casting, the metal forming small 
fins round the stems. In some cases buttons are formed in 
the top joint, so that if the metal blows round the stems, it 
can be chipped away in dressing to form a good surface. 
When bottom chaplets 'are necessary, equal care must be 
bestowed upon setting them, especially if wood blocks are 
used. The blocks must be bard, so that the chaplets will 
not settle with the weight of the core or the wedging of the 
top chaplets. Such large moulds as the foot or drag plate 
are only skin dried, and cast while hot, which is necessary 
to prevent moisture striking through the skin again. This 
gives a good surface, and at the same time the backing sand, 
not having been baked hard, is very porous, and allows the 
gases to permeate with great freedom. 

Fig. 69 is a longitudinal section of the combined sand 
box and splasher, Fig. 70 a transverse section through two 
planes of the sand-box, and Fig. 71 a simple section through 
the splasher, -f 6 inch metal throughout, except at the foot and 
stud holes. Six core-boxes are required, viz. : sand-box, inlet 
and outlet for the sand, bridge for spanning over the inlet 
core, foot of the sand-box and splasher core. The sand-box 
core is vented by means of the pipe, the gases passing up the 
channel scooped out of the sand, Figs. 69 and 70, and the 
splasher core by means of the vent wire, the gases striking 
through the print, Fig. 71. Studs and chapleta are carefully 
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set and wedged in the position shown, and the casting is run 
by means of three gates 2 inches by J inch at K, Pigs. 69 
and 70, upon the top of the front edge of the sand-box, not 
seen in the views given, but the position of which is indicated 
by the dotted lines, a riser coming off at R, Fig. 69. 

The metal in these castings being so thin, great care must 
be exercised or many will be lost in contraction. For tins 
reason the cores contain more cinders than usual, especially 
the sand-box, where the metal completely surrounds it, and 
the core irons, which are generally covered with loam to the 
depth of 1 inch, are in this case covered to a depth of 2 inches, 
thus enabling the cores to give with the contraction. When 
the splashers are cast alone, a green sand core may be used. 

Fig. 72 is a section through the joint of the valve-box, 
which is attached to the above sand-box. It is run by means 
of a f-inch gate on one flange and a f-inch riser on the other. 
Tig. 73 is a transverse section of the chimney through the 
smoke-box. It is moulded from two iron patterns, that from 
the seating on the smoke-box to the core joint forming one 
portion, and from the core joint to the top the other. The 
bottom core print of the latter enters a socket, which is part 
of the bottom box. The first operation is to line up thi3 
socket with facing sand, and then drop the bottom portion 
over, firmly bedding it down, and ramming it up on the 
inside. The second box is then placed in position, and the 
pattern for the chimney fixed in. The gaggers are then put 
in this box and rammed up, a layer of cinders being placed 
at the joint with the third box, which is not broken after the 
third and fourth boxes have been rammed up, the joint proper 
being at the top of the coping, which has to be broken to 
draw the pattern. There is one circle of g-inch vents round 
the top, which meet the needle vents under the coping. The 
core is struck up, and consists of one round of hay band 
tightly bound to the barrel, with one thin layer of clay to 
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stick the loose straws down, and one coating of loam. It is 
then thoroughly dried. Afterwards the finishing coat of loam 
is put on and the recess at the coping made. The core barrel 
rests upon the iron of the core print at B to prevent crushing, 



Fig. 73. 




a little parting sand being sprinkled on the joint to \ 
metal from bursting in. The casting is poured from the two 
points A, the metal entering the mould by three branches 
from eaeh gate, a riser being upon the opposite side. 

The moulding of the blast or exhaust pipe is shown in 
f 2 
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section, Fig. 74, and in plan, Kg. 75. This method is adopted 
in cases where a foundry is short of moulding boxes. To use a 
bottom as well as a top box is the better plan, as it facilitates 
the work. In this case the foundry floor must be prepared, 
the pattern firmly bedded in, and the position of the top box 
secured by stakes or angle irons. The casting is run by 
means of the inch gate C, and an inch riser K. The necessity 
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for venting is not very great, the body of metal being small, 
the only provision being for the air to strike away from the 
core as shown by the arrows, Fig. 74. 

In Figs. 76, 77 and 78, is clearly shown the method of 
casting the fire-bars on a plate pattern, the angle irons at the 
corners of the box being guides for the plate. It is a very 
quick and trustworthy method, the wasters being extremely 
few, In Fig. 79 is seen a half-size transverse section of the 
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plate pattern, showing the bar cast on flat with a slight in- 
clination, by means of which whatever small quantity of dirt 
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goes over with the metal, rises to the least important part of 
the bar. This also causes the least amount of sand to be 
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lifted in the top box, and the least risk of disturbing the 
mould when drawing the pattern. Small bars may be cast 
vertically, and three or four on one plate. 




Figs. 80 and 81 are sections of the axle-box keep, the box 
itself being either a, steel or a brass casting. They are top 





poured, the metal entering the mould by two branches from 
one gate, a riser being upon the opposite side. 

Figs. 82 and 8:> nru sections tlitougli tin; tender axle-box. 
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They are cast by means of a f-inch gate at C, to one of tli 
flanges or horn-block guides, and a fj-inch riser at It. Tb 
core is bound together by loose irons, as distinguished from 
regular core iron, and straight vented with needle vents, the 
mould being also vented at the sides and bottom. Figs. 84, 
85 and 8G are the plate patterns for the front lid of the tender 
axle-box, and the packing or making-tip piece between the 
top of the box and the brass, C R being connecting runnera 
or gates whieh are formed when the pattern is made, by the 
moulder scooping out the sand with his trowel. 

As nearly one hundred patterns are required for iron 
castings for a locomotive, besides steel and brass, it ca 
easily be surmised that these illustrations might be carrit 
on to a greater extent, but the author considers the exampl 
given as fairly representative of iron foundry practice, ai 
to carry them further would simply be a protracted use o 
the terms " line up with facing sand," " ram " and " vent.'' 



Part II. — The Use of Steel Castings. 






The introduction of trustworthy mild steel castings hajs 
replaced locomotive iron castings and forgings to the extenl 
of about forty articles, and is still increasing. These are 
illustrated by Figs. 87-108, including stays, gusset or other* 
wise ; horn-blocks and axle-boxes, domes, covers, and safety 
valve seating.*; ; spring links, brackets, and lire-box foundation 
rings ; reversing shaft — Joy gear — motion plate and brake 
shaft ; wheel centres, and, to a limited extent, the unhammeri 
crank axles made by Messrs. J. Spencer & Son, Newburn 
Steel Works ; one of which, supplied to the North British 
Railway for engine 460, a heavy class of goods engine 
working trains over the main lines, has run a mileage o: 




337,879 miles from February 19, 1881, to April 27, 1892.' 
This would of course be considered a good mileage for a 
mild steel forged axle, aud is mentioned as an interesting 
fact ; but under existing circumstances the author does not 
deliberately advocate the use of steel castings for crank 
axles, although the experiment deserves encomium, and their 
adoption may be in the future an accomplished fact. 

Advantages may be gained in many points by the 
adoption of steel castings, because they can be guaranteed to 
be sound, homogeneous, and free from internal strains, at the 
same time possessing the specified tenacity and ductility. 
They contrast favourably with built-up iron forgings and those 
from mild steel ingots ; remarkable results as to ductility 
having come under the personal experience of the author. 
The tensile strength of imf urged eteal castings may be taken 
at about three to four times that of cast iron, therefore they 
may be considerably lighter than those of cast iron of equal 
strength ; but whenever steel castings have to replace forcings 
or iron castings, the physical properties expected of those 
castings must be carefully taken into consideration, ductility 
being of much greater value than an unusually high tenacity, 
because it will give a greater amount of endurance and 
furnish ample warning of failures, excepting perhaps in a 
few cases, such as pins, where a great amount of wear and 
tear takes place, due to friction. 

Steel castings arc designed sometimes of a peculiar shape 
and thin in section ; when this is the case, the steel founders 
have to contend with several difficulties in manufacture, 
which could be avoided if the designer would keep in view 
the fact that steel castings should be as simple in design and 
as near uniformity in thickness aa the circumstances of the 

• In April IS34, Mr. Holmes, the dik-f jiita.-li.'mieal engineer, informed 
the author that this axle was thoroughly examined and tested during the last 
week in March, was quite satisfactory, and is still running. 



74 



CONSTRUCTION OK THE MODERN [J K'OMOTI V E. 



case will admit, and of easy curves. It is contended by some 
American engineers that it ia preferable to bolt several small 
castings to one large one, than to make a complicated casting 
with several branches, brackets and projections ; because 
each change in the form of the casting is a source of uncer- 
tainty. Steel wheel centres having the rim, boss, arms and 
balance weight formed in one casting, compare very favour- 
ably with built-up wrought iron centres, in which there are 
of necessity so many welds. To overcome the manufacturing 
difficulties, it is of the utmost importance that the rim should 
be in proportion to the arms, which are mostly of the oval 
section, the dimensions of the major and minor axes where 
they enter the boss being 4J inches by 2 inches, and at the 
rim 3f inches by If inches, Figs. 93 and 94. Mr. R. A. 
Hadfield opines that the most trustworthy job is made of 
wheel centres by having a small strengthening rib on the 
inside of the rim and another at the boss into which the 
arms sink, wliich is chipped out during fettling; also that in 
the case of crank boss wheels, trouble is sometimes experienced 
when the counterbalance weight is heavy and relatively out 
of proportion to the other parts of the wheel. This large 
mass of material near the outside cools more slowly than the 
rest of the metal, thereby tending to draw it out of shape. 
Therefore, to obtain a thoroughly sound and good steel 
casting, the balance weight should be distributed over a 
sufficient number of spaces between the spokes. The 
adoption of steel roof-bars for fire-boxes has proved a success 
see Fig. 15, p. 13. It enables the stays to be well propor- 
tioned, and convenient attachments for any form of sling 
stays desired can be easily added. With cast steel horn- 
blocks and axle-boxes there is greater strength without 
being cumbersome, greater security in running, and the risk 
of breakage is reduced to a, minimum. Cast steel motion- 
plates give greater stability as frame stays. Being cast in 
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one piece, there are not any rivets to 'work loose, as in the 
case of the built-up type, and, having greater strength and 
elasticity than cast iron, they can he made lighter, and there 
is not the same danger of breakage from sodden shocks. 
Generally, the remarks made as to the design of iron castings 
apply themselves doubly to steel castings, especially those 
relating to fillets, abrupt changes, crystallisation, and the 
internal strains set up by unequal contraction. 

The process and the raw materials should exercise a great 
influence upon the choice of steel castings, because they can 
be produced short and brittle, which no amount of subsequent 
annealing will rectify, for reasons well known to metallurgists. 
Up to the present, as far as the author is aware, the acid 
process has given the most uniformly successful castings, the 
basic and the Bessemer generally favour oxidation of the 
metal during the process, and this incorporation of the oxide3 
of iron is particularly obnoxious, not only in steel for castings, 
hut generally, although upon occasions splendid castings have 
been made by these two latter processes, and at the same time 
containing a low percentage content of carbon. The enormous 
temperature required to produce fluidity, the difficulty in 
obtaining a suitable facing sand sufficiently refractory to 
withstand this great temperature, and at the same time 
porous enough to allow the gases to permeate, besides the 
direct venting and the mould being to a certain extent 
fragile enough to allow the greater contraction without 
pulling the casting, all tend to produce a product which 
cannot compete, as far as surface is concerned, with iron 
castings. 

A peculiarity relating specially to steel castings, is the 
great diversity of opinion and want of uniformity in speci- 
fications. Different engineers have different ideas both as 
regards the quality required for certain purposes and the 
size of the test bars. The latter vary from 2 inches to 10 
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inches long, whilst an elongation of 20 per eent. to 10 per 
cent, ia specified for the different lengths of 2 inches, 5 inches 
and 8 inches long. The same remarks relate also to the 
bending test bars. Different lengths, round and square in 
section, and the angle of deflection wln'ch the bars must 
sustain without fracture, are specified. Another difficulty is 
in nominating the grade of steel required. For instance, 
there should be a distinct difference in the specified grade for 
the steel for a gear wheel and that of a locomotive driving 
wheel. In the former case a material is required to with- 
stand a considerable amount of wear and tear, whereas in the 
latter the wear and tear takes place in the tire, and the 
wheel centre is required to be tough to withstand all the 
strains set up in passing over rough roads, crossings and 
round curves. Due consideration should be given to the 
shape, and whether the required product is to be in tension 
or compression. It would therefore be conducive to general 
excellence, and facilitate the progress of steel castings to a 
desired end, to formulate a standard specification for the grade 
of material required for locomotive work, and recognise a 
standard size for both the tensile and bending test bars. 
This would be certainly advantageous to both consumers and 



At the Newburn Steel Works of Messrs. Spencer & Sons, 
mentioned previously as the makers of unharumered crank 
axles, four different grades of material are manufactured, viz. : 
— (1) An extra soft steel of 28 tons to 32 tons per square inch 
ultimate tensile strength, aDd 25 per cent, to 15 per cent, 
elongation, which is applicable only to castings of fairly plain 
section, for all purposes when toughness is essential, such as 
wheel centres, cranks — marine or otherwise — cross-heads, 
motion-plates, born-blocks, bogie frames, and locomotive 
work generally. This material would give a minimum 
elongation of 15 per cent, on 2 inches, and would be capable 
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of bending while cold through an angle of from 90° to 60° 
respectively. (2) A medium steel of 32 tons to 35 tons per 
square inch ultimate tensile strength, and 15 per cent, to 8 
per cent, elongation, suitable for heavy gearing, boiler 
seatings, &c. (3) A medium hard steel of 35 tons to 40 tons 
per square inch ultimate tensile strength, and from 8 per 
cent, to 3 per cent, elongation, suitable for all kinds of 
gearing, hydraulic cylinders, permanent way castings, tram 
wheels, and all castings where a maximum wearing capacity 
is required ; and (4) a hard steel adapted for special purposes 
requiring great hardness and strength. 

The annealing of steel castings is a matter of great 
importance, especially when toughness and ductility are 
essential. By this process the internal strains set up 
during casting in the different parts have time whilst at 
a uniform temperature, and when the crystalline structure is 
changed into an amorphous or plastic state, to adjust them- 
selves to one another, and, according to Sir William Siemens, 
it must therefore be most disadvantageous to allow the 
castings to cool right down, whereby these differences of 
strain would be brought to a maximum, and very likely cause 
an evil that was preventable. In order to anneal a casting to 
the greatest advantage, it should be removed from the mould 
to the annealing furnace without allowing it to cool ; but no 
doubt a considerable amount of judgment must be exercised 
in removing a casting hot from the mould, and it is quite 
sufficient to specify that each casting must be thoroughly 
annealed, and allowed to cool gradually in such a manner 
that there shall be no undue strain in any part- 
Table L gives the results of some experiments on the 
tensde strength of specimens taken from ordinary castings, 
without any subsequent hammering, in order to ascertain 
how the mechanical properties of steel eastings are affected 
by annealing, and also by its chemical composition. Five 
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groups, each containing four specimens, were tested ; the 
first three pieces in each group being annealed, and the last 
in each unannealed. The experiments were made at the 
Newburn Steel Works, 

The advantage gained by annealing may be expressed 
by a percentage. This suggestion Was made by Sir J. 
Whitworth at the Manchester meeting of the Institute of 
Mechanical Engineers in 1875. He proposed a mode 
of comparison of metals by taking the sum of their tensile 
strengths and percentage elongation ; but in the case before 
us, the percentage contraction of area will be added to this 
sum, and from Table I. it is seen that varying with the 
grade of material, the advantage of the annealed over the 
unannealed is from 10 to 28 per cent. 

Table II. gives some further results, obtained in a series 
of experiments conducted by the same authority as Table I., 
for the purpose of ascertaining how the tensile strength of 
steel castings is affected by the annealing process. 

From Table II. it will be observed that the annealing 
process causes a considerable reduction of the combined 
carbon, the carbons being ascertained by the colour test 
before and after annealing. The figures clearly indicate the 
fact, that to the extent shown, the combined or hardening 
carbon has been changed into graphite or amorphous carbon, 
which latter does not affect the colour test. Under condi- 
tions which are not quite understood, a large proportion of 
the carbon may separate into the graphitic or amorphous 
condition, and it is this circumstance wliich is the cause of 
the noticeable change. The total carbon, when ascertained 
by the combustion method, remains after annealing exactly 
what it was before. There is, however, a possibility that 
the content of carbon in the surface of the casting may he 
richer, owing to the absorption from the mould, and that 
the annealing causes a skin of oxide of iron, which would 
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act as a medium for the combustion of some of this carbon 
in the surface. A similar change has been noticed by manu- 
facturers of mild steel ingots, and iron castings exposed 
to long continued heat, which appreciably lessens the content 
of skin carbon, and causes a peculiar phenomenon. The 
drillings, however, were taken from the body of the casting 
and all surface ones discarded. It is clearly seen on 
comparing these tabulated results, that while the tensile 
resistance of the original area is scarcely affected by the 
annealing process, the ductility of the material is very 



Tables III. and TV. give the results obtained in a series 
of experiments on the transverse strengths and torsional 
resistance of un hammered, annealed steel castings, the 
specimens being cut from crank webs by the same authority 
as Tables I. and II. 

Table V. gives further results, by different authorities and 
makers, of the physical properties of steel castings. 

Table VI. has been supplied by Mr. James Riley, of the 
Steel Company of Scotland, and represents the quality of 
castings turned out by that firm. It is complete and needs 
no explanation, but the elongations on 8 inches deserve 
mention. 

It may therefore be concluded that steel Castings can be 
supplied very much superior to iron castings or forgings, and 
to rival those forgings made of hammered or wrought steel. 
It must be remembered that in a crank axle or any 
other forging, hammering makes a hard skin which never 
gets any hotter as the forging cools, consequently internal 
strains arc set up, and the centre metal is of little use from a 
physical point of view, and the cruciform shape taken by a 
pipe in an ingot is well known. 

From the foregoing results, it would be reasonable to 
specify that the castings shall be made in close-grained steel 
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of uniform quality, perfectly sound, free from honeycomb or 
other defects, and of 28 to 34 tons tenacity per square 
inch, with a minimum elongation of 15 per ceut. on 2 inches; 
longer bars being difficult to obtain sound when attached to 
castings. The bending testa to be made upon bars 1^ inches 
square, which should he capable of bending cold without 
fracture over a radius not greater than about one and a half 
times the thickness of the sample, and through an angle 
depending upon the ultimate strength; this angle to be not 
less than 90° at 28 tons, and 00" at 34 tons per square inch, 
and in proportion for strengths between those limits. At the 
present time all locomotive castings are made to the above 
specification when nothing otherwise lias been specified, and 
all the engine eastings fin the Admiralty are made to the 
same limits. The castings to be thoroughly annealed for 
reasons already stated. 

The wheel centres are required by some users to be rough 
turned, leaving \ inch for finishing where they have to be 
finished bright. One wheel in fifty to be supplied by the 
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contractor free of cost, selected from the bulk and tested to 
destruction. From this sample the tensile and bending test 
will be taken, the results of which will be accepted as 
the average quality of the whole. It is further required 
by some users of wheel centres, that each be dropped in a 
running position, on the end of a spoke, from a height of 
2 feet, and allowed to fall upon a rail secured to the top of 
an ingot of at least 2 tons weight, after which the wheel 
must be turned round through an angle of 90", and dropped 
again in a similar manner. Each casting must be then slung 
up and hammered with a 7-lb. hammer to ascertain that it is 
sound. Clauses as to inspection and warranty are inserted to 
suit the purchaser ; the latter is generally for twelve months 
from the date of commencing work. 

A3 far as the analysis is concerned, probably it is best left 
in the hands of the steel maker, because so much depends 
upon the process. Sometimes a good analysis gives worse 
physical results than an inferior one, owing to the working of 
the charge during the earlier or latter stages of the heat; 
however, castings having an analysis of C '18 to '28, Si *20 
to -40, S -02 to -07, P -03 to -07,5111 -3 to ■ 75, would give 
similar results to those tabulated in Table V. under the 
second authority, providing that the heat had been worked 
to the best advantage. Finally, in a great number of 
observations made by the author for Mr. Aspinall, it was 
observed throughout, that the highest carbon with simul- 
taneous ldgh silicon gave the worst castings, and the best 
results were when the carbon was '28 per cent., or below, or 
when the content of carbon was from 10 to 26 per cent, less 
than that of silicon. Perhaps this does not quite coincide 
with a comparison of Tables I. and II., but it must he 
remembered that these tables are given for specific reasons. 
The first, to show the effect of annealing and also chemical 
composition, and therefore various percentages of elements 
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may be expected ; whereas Table II. shows chiefly the 
remarkable reduction of the content of combined carbon by 
annealing. The reliability of these tables is unimpeachable, 
they satisfy a specific purpose, but the author's personal 
experience of the physical and analytical results of some 
hundreds of castings, is summed up by low carbon in con- 
junction with high silicon or vice versa, these conditions 
being imperative, "26 per cent, carbon being the highest 
preferable amount for mild castings. High silicon with low 
carbon will work admirably in the forge, with as much as 
1 - 5 per cent, of the former, providing the latter is very low, 
say about • 15 per cent. 

In Fig. 87 is seen one-half of the motion plate, from the 
centre line of the engine to the right frame, with its forked 
attachment fur securing one end of the anchor link of Joy's 
motion, whilst an end view is shown in Fig. 88. Two views 
of the cross-head are given in Figs. 89 and 90, to which may 
be cast sufficient metal to be drawn down in the forge to the 
required dimensions of the piston rod. The driving wheel 
centre is given in Fig. 91, the leading and trailing being 
identical, with the exception of the balance weights, which 
are of course very much lighter ; Fig. 92 being a half section 
through the crank pin boss. Figs. 93 and 94 are sections of 
the arms at the top and bottom. Reference has already 
been made to the designs of wheel centres, as well as the 
horn-block, which is shown in Fig. 98, with its keep, Fig. 99. 
This horn-block is of a useful design, but is frequently modi- 
fied to suit the various types of locomotives built by different 
engineers. The Joy reversing shaft is shown in plan and 
elevation in Figs. 95, 96, and a cross-section, Fig. 97. Figs. 
100 and 101 give two views of the brake hanger, which is 
swung from the frame at one end, coupled up to the brake 
cylinder by means of suitable connecting rods from the other, 
and having the cast-iron brake block attached in the centre, 
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Figs. 105 and lOfi being the tender brake shaft. The fire- 
box foundation ring is given in cross-section in Fig. 102 and 
in isometric in Fig. 102a. The cross stay between the frames 
in front of the fire-box is shown in Fig. 103, and the safety- 
valve seating in Fig. 104. Similar designs to Fig. 104 are 
adopted for the mud collector in the barrel, just in front of 
the fire-box, and also where cast -steel domes are used 
they require a similar seating. Fig. 1 07 is the tender spring 
link, and the draw bar spring box is shown in section in 
Fig. 108. 



Part III.— Brass Foundry. 

Copper and its alloys. — Copper has the capability of 
forming a combination with nearly all the metallic elements, 
producing compounds different in character from their 
component parts, possessing all the physical and chemical 
characteristics of metals, but often modified so as not to 
resemble either of those parts. This combination will either 
be of a complete chemical nature, or a solution of the 
chemical combination in an excess of one or the other. In 
itself copper possesses malleability and ductility to a con- 
siderable extent, which is clearly shown by the curve A, Fig. 
108a. Its fluidity and tenacity is increased by a small 
addition of phosphorus, hut unless alloyed with some other 
metal, such as tin, this addition of phosphorus increases its 
tendency to corrosion. The change in its physical properties, 
caused by the addition of zinc, is well iHustrated by the 
curve B, Fig. 108a, each being autographic records of ordinary 
tensile tests taken by Aspinall's recorder. They do not 
require any further explanation, but those marked cohesive 
force have been plotted from the curve of tensde strain. 
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utilising the data given by Professor Unwin on page 419, 
vol. lix. of the Engineer, where he shows that assuming the 
sample to he uniformly plastic throughout its length, which 
for our purpose is approximately correct up to its climax of 
resistance, the percentage of contraction of area is equal to 
the percentage elongation, calculated upon the stretched 
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ordinates, and transferring this point vertically to the cor- 
responding oblique line. The remainder of the curve is 
obtained by caliperiag the contracted area of the sample, 
which fixes the highest point ; the intermediate ones bow- 
ever cannot be obtained, because the length subject to local 
contraction becomes more and more restricted as the moment 
of the fracture approaches, therefore the path of this portion 
of the curve is merely hypothetical. A synopsis of the 
particulars of these curves is given in Table I. Annealing 
the copper samples before testing would have produced 45 
per cent, elongation. 



a™ 


Test No. 


Strew In ions per 
m. In. 


Elongutlon per 


"•apt- 


A 


281 


13-88 


40-0 


.12 -9 


„ 


284 


U-M 


33-5 


53-8 


B 


233 


11-00 


11-5 


20-9 




235 


11 00 


11-0 


20-9 



In the manufacture of homogeneous alloys, the following 
may be taken as characteristic difficulties, with their total or 
partial solution. Impurities in the diluting metals, which 
will seriously nijure the physical properties of the resulting 
alloy, decreasing as the purity of the diluting metals increases 
by improved metallurgical methods of manufacture. The 
oxidation of the metals to an always varying extent, which 
occurs during the period of melting, and will always remain 
a difficulty, only to be mitigated by experience of the furnace, 
fuel, and quick melting. The occlusion of oxygen, the 
combination or mixture of oxides, produced from the consti- 
tuting metals during melting, with the alloy, or the 
absorption of small quantities of the products of combustion. 
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including carbon and sulphur, and then the evolution of 
these gases or expulsion of oxides during cooling, rendering 
the alloy porous, which may he remedied hy the addition of 
phosphorus. Finally, liquation at the period of cooling, 
when the alloy will separate out in distinct groups of various 
grades of hardness, unequally diffused throughout the mass 
of the easting, which can he remedied to a certain extent by 
adopting means for rapid cooling. The larger portion of the 
heavier metals will assume a level in the crucible in order of 
their respective densities, unless they are prevented from 
doing so by violent agitation, and a partial separation will 
consequently take place in the casting, even when all the 
attention possible may have been bestowed upon the alloy 
during its formation, especially if the casting is large, and 
therefore the cooling slow, also if large proportions of lead or 
tin have been used ; therefore, to obtain perfect homogeneous 
alloys, remelting is sometimes a great advantage, especially 
if it can be accomplished with the minimum amount of 
oxidation and occlusion going on. If there has been an 
appreciable amount of oxidation it is impossible to get good 
alloys, because, if the author may illustrate by Dalton'3 
atomic theory, their atomic bonds are clogged with this slag, 
and consequently the metals will not " wet " each other. 

Bronzes, copper-tin alloy. — Copper and tin mi it well in 
almost all proportions, forming a class of alloys generally 
spoken of as bronzes, sometimes having incorporated with 
them lead, antimony, manganese and phosphorus, with iron 
and silicon as impurities. A small content of tin renders the 
alloy both hard and tenacious, a maximum hardness for all 
shop purposes being attained by the addition of about 15 to 
18 percent. Table II. fairly represents the various mixtures 
of these alloys. 

These alloyB have a lower melting point than copper, a 
greater density than the mean density of the chief consti- 



THE FOUNDRY. 



97 



tuents, less liable to oxidation, and they are proportionately 
harder than either of the principal constituting metals, 
especially as the content of tin increases. The fact of their 
being more fusible than copper and less than tin, renders it 
very difficult to obtain a perfectly homogeneous alloy, por- 
tions richer in tin being interposed through the mass ; there- 
fore it should be cooled as rapidly as possible, to obviate any 
tendency to liquation during the cooling. Oxidation must 
be avoided as far as possible, which points to the rapid 
melting of the copper and keeping the tin immersed during 



TABLE II. 



Description. 


percent. 


Sn 


Zn 


percent. 


P 
pefcsql. 


Fe 
pftcmu 


SI 


Old copper-tin alloy 


87-fi 


12-5 












A standard \ 
American bearing / 


30-0 


10-0 




9-E 


■5 






English generally I 


80 to 
88-0 


10 


2 
2 


•5 
5 








Particular casea of 1 
slide valves 1 


82-5 
85-0 


14-5 
11-6 
6-0 


3'9 


10 


■36 

■IS 

2 to -1 


2-0 


■01 



mixing, because of the rapid formation of the peroxide. This 
formation is very disadvantageous, becoming a great nuisance 
to the finisher, rendering all machine work imperfect, 
because of the hard dirty spots, which destroy the cutting 
edge of the tools. Especially is this the case if the metal 
has been produced by the open hearth Siemens regenera- 
tive furnace, when that furnace has been working slowly; 
the metal will be found to contain a greater quantity of 
these hard dirty spots, also there will be more wasters in 
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The small quantity of zinc used, say 2 per cent., plays 
the beneficial part of deoxidant, by reducing the incorporated 
oxides, rendering the product purer, consequently of greater 
tenacity, but at the same time it has a tendency to lower the 
elastic limit and soften the alloy. Phosphorus behaves in a 
similar manner to zinc, but with greater energy, and hi in- 
creased proportions it sensibly hardens the alloy. Phosphor 
bronze is generally manufactured either by the addition of 
copper or tin phosphide, and after having eliminated the 
oxides, a further increment to produce from '25 per cent, to 
2'5 per cent, in the finished product will change the colour 
to a gruater degree of evenness, the fracture will be finer, and 
its physical properties and fluidity at the time of casting will 
be greatly increased. In fact, the use of phosphorus in the 
brass foundry may be compared to carbon in the steel 
foundry. 

The chief uses of phosphor bronze may be taken as slide 
valve and bearing metals, the former a most important item 
on a railroad. To obtain a standard slide valve mixture, 
valves of an experimental mixing should be made with 
varying contents of phosphorus, noting at the time of manu- 
facture all the points connecter! therewith, as much depends 
upon the facilities of the shop and the skill brought to bear 
upon their production. Some of the points worth noticing 
are the condition of the furnace, length of time in melting 
the copper, and approximate temperature at the time of casting. 
The fracture of a small ingot should be reserved, and where 
possible mechanical and analytical tests should be made. The 
behaviour of these valves should be watched and compared 
with the wear of the ordinary mixture. In this class of 
work : good clean copper shearings and new metals are 
resorted to, but for general work the accumulation of old 
valves has to be dealt with, or it may be that all the old 
scrap is melted in an open-hearth furnace and cast into 
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ingots. In any case the scrap has to be disposed of, and 
in only one obvious manner. The quantity of scrap used 
in the mixings will of course regulate itself to the quantity 
on stock, say up to 50 per cent, of the charge. The use of 
this scrap is a very easy matter if its nature is thoroughly 
known, and consequently reduces the quantity of new metal 
required ; but if this is not known, then the mixing must be 
based upon, say, an average analysis of half-a-dozen samples 
of the scrap. The addition of the phosphide must be the last 
operation, after lead and tin, the copper being melted as 
rapidly as possible for reasons already stated, that is, to 
lessen the work of the pbospMdcs, the whole being afterwards 
well stirred and poured. The knowledge necessary for 
pouring at the right moment is very soon acquired by the 
operator, by watcliing the working of the metal and the 
rising of the scum, the latter having to be removed. In the 
case of bearings, for durability alone, they should be as hard 
as the axles they support ; but considering the wear of the 
latter, the former should be softer, so that the wear, say, per 
one thousand miles is about three to one. Owing to the 
difficulty in obtaining homogeneous alloys, it often happens 
that in liquation the harder alloys separate out, and form the 
interior metal of the bearing instead of the outside casing, 
resulting in having for the actual bearing a soft alloy winch 
rapidly wears, then the axle coming upon the hard places, 
causes, in the absence of ample lubrication, its destruction. 
The soft alloy cools first and forms the shell, the harder 
filling the interior spaces, which Will probably contain 
double the content of tin to the former. Everything points 
to the use of a rich alloy of phosphide just before the time 
of casting, well stirring, and rapid cooling. A fluid pressure 
caused by a large gate and head, will enhance its resistance 
to compression. It has also been observed that those alloys 
which wear the longest have a low tenacity and a good 
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elongation ; but by retaining the elongation with an increased 
tenacity, the metal would have double reasona for increased 
durability. The granular structure is also an important 
factor in the wear of metals, because the finer the structure 
the finer will be the flaky abrasion, and consequently longer 
wear. Among the many conditions which will affect the 
wear may be enumerated lubrication, resistance to abrasion, 
pressure, speed, and in the case of slide valves, temperature ; 
hut supposing these conditions to remain constant, then the 
resistance to wear must be sought for and applied in the 
alloy itself, and it will always he found that with any 
ordinary shop mixture, if precaution be taken to produce it 
with an increased amount of purity, it will resist wear to a 
greater extent, this probably being done by the small addition 
of zinc or phosphorus to remove the oxides, and beyond, by 
the addition of a greater amount of phosphorus, its wearing 
properties will be enhanced. It has also been found that the 
increased quantity of lead, diminishing tin in proportion, has 
a very beneficial effect upon the wear of this class of alloys, 
and as a matter of fact, 10 per cent, of lead and only 6 per 
cent, of tin is regularly used for the slide valves of the 
engines in question, with about - 25 per cent, to '3 per cent, 
phosphorus. 

Brass. — The alloys of copper and zinc may generally be 
accepted under the term of brass. They are made in great 
variety of physical properties and appearances, varying from 
the colour of the latter metal to that of gold. The content of 
copper may be from 60 to 90 per cent., but generally the 
composition of English brass is about 70 per cent, copper 
and 30 per cent, zinc, with about ■ 5 per cent, lead, which 
will make it work better in the machine shop, and is gene- 
rally found in locomotive brass. The beat proportion for 
yellow brass is two of copper and one of zinc. When mixing, 
an allowance of about 2 per cent, must always be made for 
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the elimination of zinc, caused by its point of volatilisation 
being very low, and for a similar reason — its low melting 
point; — brass cannot be forged. Zinc produces the hardness, 
which gives the alloy a greater resistance to wear, being at 
the same time malleable and ductile. If slowly cooled it is 
more hard and brittle than if plunged whilst at a red heat 
into cold water. 

White metals. — White and antifriction metals are almost 
without number, and until recently their base was tin — in 
some cases to the extent of 78 to 85 per cent. Now, 
generally speaking, lead lias taken the place of tin as a base, 
with from 10 to 20 per cent, of antimony as a hardener, 
and sometimes arsenic. Copper is in most cases added to 
the extent of from 2 to 10 per cent. It will be found, as in 
the case of brass and bronze, that every shop has its own 
mixing, which is quite as good as any floated upon the 
market, and mostly having the same ingredients, and nearly 
equal percentages. The chief object in a good metal is to 
have a low melting point, especially where there is a lot 
of work, so that it can be used over a pot fire, that is, with- 
out the aid of crucibles. It should be thin when melted, 
but slow to set, having a lengthy plastic stage, so that the 
workman can follow it up in a similar nianuer to wiping a 
plumbing joint when soldering two lead pipes. 

Other Alloys. — After these two distinct alloys of copper, 
brass and bronze, the rest may be disposed of as entirely of 
an experimental nature, although many, such as ferro up to 
3 '5 per cent, silicon, manganese, and aluminium bronzes, 
are being used extensively. In the case of mangauese 
bronze, ferro-manganese is added to the molten copper, the 
principal use of the manganese being to free the copper from 
incorporated oxides, which rise to the surface as slag. If 
more manganese is used than is sufficient to remove the 
oxides, the alloy is of greater tenacity and more ductile, the 
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maximum being attained with 10 per cent., beyond this 
amount the alloy becomes very hard and brittle, until at 15 
per cent, it is of a grey colour. Aluminium bronze may he 
obtained by using good copper and re-melting ; 90 per cent, 
copper and 10 per cent, aluminium having a definite chemi- 
cal composition, Cu e Al. There is a difficulty in getting the 
aluminium incorporated with the copper, also in pouring, as 
the alloy sets very rapidly. The best method, as found by 
many experiments carried out by the author for Mr. Aspinall, 
is to make the above rich alloy, cast into ingots, and use in 
an ordinary manner with the usual mixture. A 3 per cent, 
aluminium bronze gives very good results-— double the 
tenacity of good brass — and at very low temperatures it will 
forge well, aluminium itself becoming red-short at 400° F. 
This 3 per cent, bronze would be very useful for castings, 
although it cannot compete with steel as far as first cost of 
material is concerned ; but it has this advantage, that only 
working parts need be machined, as it makes a very smooth 
surface. Aluminium passes through a granular stage, and 
becomes fluid at about 1300° F., copper melting at 1980° F. 
It is advisable to use the best plumbago crucibles, because from 
silicious ones it becomes seriously contaminated with silicon. 
A flux is not necessary, and might become detrimental, 
owing to the extreme lightness of the metal. At the time 
of casting a skimmer should be used, in order to remove the 
thin film of oxide which always forms ; and then it should be 
poured quickly. Larger gates are required, and the best cast- 
ings are obtained from dry sand moulds, although very good 
ones may be obtained by skin drying only. Coruscation is 
characteristic of the introduction of aluminium into the 
crucible, and the castings sometimes present locally an 
iridescent appearance. 

Melting.— This will either be crucible or open-hearth. A 
good crucible must he able to withstand the effects of the 
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chill when drawn from a furnace of high temperature and 
immediately exposed to the atmosphere, after pouring. It 
must also be sufficiently refractory to withstand the highest 
temperatures, and it should not impart any of itself to an 
appreciable extent to the ingredieuts which are being melted 
in it. Plumbago crucibles are the most satisfactory in all 
respects, generally withstanding over forty charges before 
destruction. They can be used in a coke or gas furnace, 
the latter on the regenerative system. The former may 
be made either square or round, with wrought or cast-iron 
plates, lined with either fire brick or clay, about 18 inches 
internal diameter and 4 feet deep, with ordinary furnace 
bars, sunken ash-pit, high stack, and the top of the furnaces 
being on about the floor level. Although the regenerative 
crucible furnace for brass melting has not been generally 
adopted, objections being raised against the use of gas arid 
oxidation, it has not been found that the difficulties are 
beyond surmounting. Experiments carried out by the 
author for Mr. Aspinall show a loss of 2'5 per cent, from 
oxidation. The furnaces are constructed to hold from fifteen 
to thirty 100 lb. pots, very similar to the arrangement adopted 
for crucible steel. They require overhauling about twice a 
year, when the chambers can be re-lined or chequers removed 
and a thorough repair accomplished in a day or two. A useful 
size for the open hearth is about 30 to 40 cwt. The charge 
would then consist of about 15 to 20 cwt. of brass scrap, 
including turnings, broken scrap, shot metal obtained from 
hot skimmings by grinding and washing, and about 5 cwt. of 
good copper scrap. It is worked by adding new metal, zinc, 
tin and copper, as the case may be, according to the nature 
of the fracture, which has been sampled from the molten 
metal. This should be close, homogeneous, fine grain and of 
even colour, zinc or copper being added until a satisfactory 
fracture has been obtained. This is a necessary mode of 
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procedure, owing to the nature of the charge and the elimina- 
tion of the zinc, resembling very much the sampling of a 
molten bath of steel. 

Moulding. — In the present section, dealing with the 
moulder's work in the brass foundry, in order to entirely 
separate an<l distinguish it from that in the. iron foundry, the 
illustrations are of the patterns used and not their imprint in 
the sand. They fairly represent both the pattern-shop and 
brass foundry practice, and in themselves are sufficiently clear 
to require but brief explanation. All core prints and 
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Figs 103 S 110 




bearings are indicated by an irregular diagonal shading, 
whereas the regular shading represents that portion of the 
pattern or core-box to be metallic. The range for plate work 
is even more infinite than in the iron foundry. All descrip- 
tions of brass nuts, such as required in the smoke-box, 
lead and mud plugs, are of this class of work, illustrated 
by Figs. 109 and 110, by 1 inch nuts, the sizes ranging to 
2£ inches ; each plate having from two or three to thirty 
articles upon it, according to the dimensions of the pattern. 
They are placed in such a position that the main body of the 
casting is in the top box, whereas the slide bar oil syphons 
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id cylinder cocks are arranged as indicated by Figs. Ill to 
114 In each of these cases the plate is placed upon a turn- 
over hoard, sprinkled with parting sand, rammed up, turned 
over, and the operation repeated, with due regard to venting. 
The runner or leader is formed hy ramming in a suitable 
piece of wood which, after streaking over with a moist rag, is 
drawn. In Figs. 109-114 the gates are at once discerned, 
and should the furnace be working slowly, and consequently 
cold metal expected, they are made larger by suitable means, 
apparent to the reader, thereby giving the castings a better 





feed. Figs. 115, 116, and 117 are the patterns for the water 

gauge cock, and although they are shown as made of wood, 

they are one of those articles that can he placed upon a plate 

and cast with the core print A in the bottom box. Fig. 118 

shows the pattern of Ramsbottom's regulator valve, forming 

its own cores. For this pattern three boxes are necessary, 

.e middle box receiving the upper portion of the pattern, 

inus the wings A, which is placed upon a turnover board, 

,mmed, turned, and the bottom joint adjusted, then the 

'ttom flange B is rammed, the whole turned, and the wing 

iece A pushed in and the top box rammed. When each 
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box is removed, it will be clearly seen that the wing piece 
has made an impression in the top box, the body in the 
middle, and the bottom flange, or seating, in the bottom. It 
is cast by means of an inch gate on the top and bottom 
flanges. An alternative plan is to have a pattern lagged 
up, with suitable core prints and joint parallel with its 




Fig to. 



r .g 120. 



axis. This would necessitate a separate core-box ; but 
for many reasons the former is the better example, chiefly 
from the fact that it makes its own core, which consequently 
canuot be misplaced and otherwise distorted when being 
fixed by an indifferent moulder. 

The pattern for the seating of this valve is shown in 




Fig izi 



Fig 123 



Fig. 119, and its core-boxes are shown in Figs. 120-123. 
The pattern is moulded in a suitable box placed on a turn- 
over board suitably adapted, A, the joint being made when 
turned over, as indicated by Fig. 119. Fig. 120 is an eleva- 
tion of the body core on its joint, with Figs. 122 and 123 
shown in position in dotted lines, which forms one of the 
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seatings and the guide 
being a strengthening pi 
down bolts passes. Fir 
■with Figs. 122 and 123 
the unsupported end of 
It lies sideways, and iti 
been rammed up in the 
the flange C by meant 
1J inch. Two views i 



for the valve. Fig. 118, A, Fig. 123, 
ece through which one of the holding - 
;. 121 is a plan of the body core-box, 
removed. One chaplet is used under 
the core, as indicated by B, Fig. 120. 
i sprig rests upon a plate which has 
bottom box. The casting is run at 
i of a rectangular gate, 1J inch by 
)f the pattern for the regulator rod 
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f-box are given in Figs. 124 and 125, the joint being 
made along the flange, as indicated by the sketch, Fig. 125a. 
To facilitate the moulding of this pattern, as in several other 
cases, an " odd side " is used ; that is, after one mould has 
been run, instead of knocking both boxes out, one is retained 
as a kind of print, to receive one portion of the pattern, until 
the opposite portion has been rammed up ; or, in some cases, 
an odd side is specially made. The gate is attached to the 
flange. The gland and brass sleeve for this rod aTe shown in 
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Figg, 126-128, all glands being cast down, and when they 
form their own lightening cores, these are hardened by skin 
drying. 

All sleeves, Pig. 128, and the bush for the blank gland in 
the steam chest front cover, Fig. 145, are moulded for a 
straight draw if only one core print, or if two core prints 
they are moulded horizontally. Fig. 129 is the cone for the 
joint of internal steam pipe. It ia cast with a li inch 




Fig 135 . 

EZ3 




Fig 132. Fig B3. 




Fig 137 

runner on to the edge at A, all the core being left in the 
bottom box and the joint, as shown in Fig. 129. An odd 
side ia also used to expedite the moulding of this pattern, 
and it is fairly vented in the top box. Figs. 130-135 are 
various flanges for the steam pipes. They are all cast in the 
bottom box, with 2-inch runners on to their edges, and make 
their own cores. Figs. 136 and 137 is the ' piston-rod gland, 
and Fig. 138 its core-box for the oil syphon, A being the core 
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prints. The gland for the valve-rod is shown in Figs. 139 
and 140, and its core-box in Figs. 141 and 142. Th< 
patterns form their own lightening cores by being hollowed 
out, and rammed with sand, their method of moulding 
having already been indicated under the heading of regulator 



Fig 133. 



09 
39 




£>! 



gland. Their bushes are given in Figs. 143 and 144, the 
joints being as shown. 

Figs. 146-148 give views of the slide valve, the importance 
of which has already been demonstrated, especially relating 
to the metal from which it is cast. By adopting the 
following method of moulding the slide valves, all necessity 
for machine work upon these castings, with the exception 
of grinding the faces over, is dispensed with, which reduces 



Fig 146. 



their first cost considerably. The exact thing is not arrived 
at all at once, but after a few trials and a knowledge of 
the behaviour of the mixture, the patterns can be so regulated 
that the shriukage will be sufficient for the resulting 
casting to fit the standard gauges. If the mixing should be 
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bottom plans, side and end elevations. The metal strip A, 
Figs. 163 and 166, enables the pattern to form its own white 




metal cores. The joint follows the core prints at the sides 
and the curve of the bearing between, in order to allow of a 
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Fig. 171, the joint being indicated from A to B along the 
centre of the pattern. Fig. 172 ia a plan, Fig. 173 an end 
elevation, and Fig. 174 its core-box. It is caat in boxes 
specially adapted for the work ; the loose parts held by pegs 




are rammed up slightly, and then the pegs are drawn. It is 
run from two leaders at I) and C, F and G being core prints 
to form bearings for the wrought-iron arms which are cast in. 
Fig. 175 is a finished sectional drawing of the ball-and- 
socket connection between the tender and the injector, and 
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Figs. 176—1 86 its pattern in detail, which indicates clearly 
the method of procedure in moulding. 

The No. 8 combination injector ia given in Figa. 187 and 
187a, ita pattern in Figs. 210 and 211, the core-boxea in 
Figs. 212-217, and patterns of details in Figa. 18.8-209. It 
may he observed that the shop pattern number is 2710, and 
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F,tj 184. 



the details range from 2711-2730, ao that comparing the 
drawing with the details, it will at once be seen how they are 
moulded. The core-boxes, Figs. 212-217, are lettered A to I), 
and the finished drawing has also the corresponding letters, 
bo that each core can be identified with that portion of the 
mould. 
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It may be considered an opportune moment to describe 
this injector, as when dealing with it in the machine shop it 




N?fl Combina 



.1. i. J. J- J FtF*. 



will then only be necessary to describe the tool work required. 
The patent rights claiming improved construction are held 
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by Messrs. Gresham and Craven of Salford. The casing of 
the injector, along with the flange junction fur tlm botttf 
attachment, is formed in one piece. The mechanism const!* 
tilting an injector, viz. nozzles, cones, valves, cocks and other 
parts, is combined together so as to utilise this one Hang'! or 
equivalent connection, having two openings, one for nUwitu 
and one for water, and fixed to the fire-box front with OH 
joint, the openings being each connected with | pfpf IfffllflTg 
to the points required in the interior of the Ufil':r. 

Fig. 187 is a sectional elevation on a pllUM at right 
angles with the face of the flange forming the junction with 
the boiler, the section being taken through the water and 
overflow cocks, and the axia of the nozzle* of the injector. 
Fig. 187a is a sectional elevation on a plane parallel with the 
face of the flange, transverse to the axis of the steam ami 
delivery cocks, and showing tbe nozzles off the injector in 
simple elevation. Within the flange, by mean* of which the 
injector is secured to the boiler, there are two paaaages, that 
narked "at cam" being in coroaianieatiop with the rteam space 
of the bofler, and that marked " feed "being connected with a 
pipe, the open end of which delivers the wa, 
part of the boiler- He steam raise 2718 has a a 
her27»or27W,»theca«eiBaybe,andatadangg|and272K 




^ 
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casing, including the cones, also giving latitude for regulating 
the steam within the limit fixed hy the arm 2722. 271'J 
is the stop valve in its casing 2724, having a square nut 




2723 which closes, when required, communication with the 
lioiler. The back of this valve is also faced, so that when 
Bffltawact back Lo its full extent, us it should he when properly 
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at work, it will come against its back seating, and prevent all 
water and steam passing through the stuffing-box. The 
easing 2710 receives the steam nozzle or cone 2715, the com- 
bining cone 2714, and the delivery cone 2713, all of which 
are screwed in water-tight joints. The latter, 2713, is pre- 




Fig 205. 



pared to receive the wing cone 2716, or top portion of the 
combining cone, and in the position shown there is a free 
outlet for overflow, which passes through the core A, but 
when the jet is established the overflow ceases. The whole 
of the cones are inserted by the opening caused by the re- 
moval of the injector lid 2711. The steam from the boiler 
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passes through the core C, and the cone 2715, it then m( 
the Water which enters through the core B, at the com- 
bining cone 2714, passes through the wing cone 2716, and is 
delivered by 2713 into the cavity which communicates by 
the core A with the cole 1). The hack-pressure valve 2717 
closes when the jet ceases, and the water 13 led through 
the feed portion of the flange into the boiler. Suitable means 
are devised by which all hot condensed steam from leakage 
of valves is allowed to drain away as it is formed, thus 




keeping the injector and pipes free from hot water when not 
at work, so that the injector will start promptly when 
required The cap 2712, Fig. 187a, has been removed, and a 
small push valve substituted, so that in the event of the 
back pressure valve 2717 sticking, this small push valve can 
be actuated by the thumb and the valve 2717 released. 

In moulding, those portions of the pattern marked BCD 
are placed upon a turnover board, the flange D being upper- 
most. The box is then rammed up, a few long nails are 
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Ed between C and D to act as gangers and strengthen the 
one or two stiff rods being also used right across the 




The joint F G is then made sloping from the edge of 
noLihling-box to the edge of the flange, sprinkled with 
ng sand, rammed up, and a good stiff board placed upon 



122 CONSTRUCTION OF THE MODES N LOCOMOTIVE. 



it and turned, the whole mould when finished and ready for 
easting, resting upon this board. The next joint ia made 
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along HKL and H N P, the " drawback " R being responsible 
for that portion of the mould T, K X 1", the top bos being well 
rammed and vented. The cores, Figs. 212-217, are then. 
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placed, every position of which can be well seen and regulated, 
so that the mould is as perfect as possible, and then closed 
for casting. If this casting was not moulded as described, 
it would be necessary to use more drawbacks or print up, 
the latter being a very objection- 
able mode of procedure ; because 
then it would be necessary to 
have a core with its tendency 
to be set wrong, and also being 
harder than the mould, it would 
not give so even a surface all 
over the casting. 

The number - plates are 
moulded from a metallic pattern with a system of change- 
able figures ; the cab window-frames, whistle fittings, and the 
other hundred-and-one items required in a locomotive brass 
foundry, receive the due amount of attention demanded by 
their own peculiar construction. 




Fig 217. 



n->xsr];u.TiiiN uk Tin-: moi.h.i;n locomotive. 



SECTION III. 

FO&GINGS. 



Part I.— Forge. 

Although the manufacture of plates and tires does not eome 
strictly under the head of locomotive building, the forge work 
would not be complete without some notice, however slight, 
of such operations. The specification and tests for the plates 
were given in Section I., the Boiler Shop, and the material 
stated to he of the best Siemens-Martin mild steel. The 
method generally adopted in the North of England is to cast 
ingots from three to five tons in weight, which, after remain- 
ing in the moulds from twenty to thirty minutes, are removed 
into soaking pits, where they radiate their initial heat, or 
equally distribute it throughout their entire mass for about 
one and a half hours. They are then cogged down either by 
hummer or mill, each being equally good, into slabs of suit- 
able size for the mill in which they are to be rolled, or plates 
they are to form. The cogging mill will either have side 
rolls of the universal or Belgian type, or an actuating gear, 
by which the slab is raised or turned about as required, in 
order to roll it upon the edges. When rolled by the latter 
arrangement in a vertical position, it is especially beneficial 
in removing all the scale, it peeling off the flats with the 
greatest ease. The slabs are then carried forward by means 
of live rollers to the guillotine, which is actuated either by 
hydraulic or geared power, having a shearing capacity for 
slabs up to, say, 3 feet wide by 10 inches thick. The 
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modem arrangements for plate rolling are very complete, 
the rolls themselves being about 8 feet to 11 feet long by 
30 inches and 40 inches in diameter. The labour-saving 
tools and manipulating gear are so complete in the most 
modem plate mill in the author's mind, that only four men 
are required. The reheaters are grouped about the mills in 
the most convenient manner possible, and every facility is 
devised for dealing with ingots and slabs, with the most 
efficient charging and drawing tackle, so that the cost of 
production is brought down to a minimum. 

The section of the engine tire is given in Fig. 218, and 
the specified deflection for the percussion test is 1& inch 
per foot of external diameter, for 
tires up to and including 3 feat, 
and 2 inches per foot for all 
larger sizes. Two per cent, are 
tested in this manner, selected 
from bulk, and samples cut from 
these selections must bear an 
ultimate tensile strain of not Ies3 
than 46 tons per square inch, 

with a minimum elongation of 20 per cent, on 3 inches for 
Siemens steel. The deflection for Bessemer steel tires must 
be 2 inches per foot of external diameter, and the ultimate 
tensile strength not less than 35 tons per square inch, with a 
minimum elongation of 20 per cent, on 3 inches. 

The usual method of manufacture is to cast suitable 
ingots, hammer them down, punch, beak and roll. The 
form of ingot is almost of infinite variety, from the ordinary 
cheese with oval top and bottom and hexagonal or octagonal 
sides, to that of a Field's night light, each having for its 
object a good sound blank. The spongy mass and dirt 
rises to the top, where, after hammering down, it can be 
punched out. In hammering down, all fins and flashes are 
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cut away, and care is taken that all cracks and traces of 
ganiater are removed. The ingot moulds are kept in good 
condition, and of course it follows that the greater care 
there is bestowed on the metal at the melters and during 
the punching and beaking, the less percentage loss will 
take place at the mill. After punching, sometimes the 
blanks are hammered Upon the edges or periphery upon a 
mandril attached to a porter bar. They are then beaked, the 
larger tires by a beaking recess in the hammer block, the 
small tires by an ordinary smith's fuller. Some firms do not 
beak, but have roughing-out mills, and others employ both. 
Afterwards they ate weighed, this being essential, otherwise 
the percentage of wasters after rolling would be unusually 
high, through errors in weight, the blanks not rolling to the 
right section when at the required diameter. 

It is very beneficial to have the speed of the mill 
sufficiently great, to allow a good heat on the tire when 
finished. Some firms take the precaution to cover their 
tires immediately with ashes, which gives an annealing effect 
and certainly preserves them from chills. After rolling, the 
tires are carefully examined for inside and outside diameter, 
those too large being rejected, whereas those too small are 
blocked, and oval tires made round by hydraulic pressure. 
The two latter operations are considered to be bad practice, 
and are seldom required by a good roller, but of course 
when a mill is hard pressed, it is very probable that a few 
such tires may be rolled, perhaps to the extent of 10 or 12 
per cent. This amount is not excessive, as a dozen oval tires 
can be rectified in about fifteen minutes. 

Great care is bestowed upon the selection of the heats for 
tires of extra quality to satisfy stringent specifications, sample 
ingots being taken, rolled and annealed until the required 
tenacity and ductility is obtained, not that mechanical means 
should supersede chemical in producing the required result. 
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Forty-five tons tenacity may be considered sufficient for home 
use, but for India and other hot climates the tenacity may go 
up another five or six tons per square inch with perfect safety. 
The material should be as little liable to molecular changes 
from a repetition of sudden shocks as possible, which points 
to a tire having considerable ductility, which would fulfil all 
requirements, except that it would wear out too soon. The 
rack and pinion theory is well known, in which is advocated 
the equality of temper in the material both for tires and 
rails. The author will be content to leave in the hands of 
the manufacturers the influence which its chemical com- 
position has upon its physical properties. 

Iron forgings from puddled bars are generally formed from 
piles 15 inches wide, 18 inches long, and about 10 to 12 
inches high, heated, re-heated and worked until all cinder 
and slag are removed, and the required section attained. In 
piling, bars of different dimensions are used for each row, so 
that all the joints get fairly crossed, and the whole shingled 
down to either a slab, the average size of which is about 
36 by 24 by 3 inches, or into billets. In making a forging 
of large dimensions a number of slabs are piled together, 
with a small piece of iron between each, in order to equalise 
the heat of the whole, so that the centre may be of the same 
temperature as the outsides. The centre slabs liave V pieces 
cut out in which to insert the staff end, which is driven in 
with a tup and securely welded. If a very large forging is 
required, and it is not thought advisable or is inconvenient to 
m*Ae large piles, double faggoting is resorted to. Wrought 
iron scrap that has been well rattled, carefully pded and well 
shingled, makes better forgings than puddled bars. Another 
method is by " laying " or " weighing up " the staff, by which 
means it is gradually built up at one end to form the forging. 

Where there is a great repetition of the same article, 
stamping by dies or moulds is the most economical and 
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perfect way of forging. For large work the dies are made of 
mild steel, which gradually acquire a hard skin, but for small 
forgings they are made of the best steel castings, in such a 
manner as to release the work in each case with the utmost 
facility, and generally, forgings are now designed with this 
point in view. In the case of hydraulic forging, swages or 
dies may be used of cast iron, which would very soon be 
broken up by the percussive blows of a hammer. Some- 
times two or three dies are required, each bringing the metal 
nearer the desired shape, the number of dies and the propor- 
tion of work they have to perform being a matter of practical 
judgment. There should be considerable accommodation for 
the metal to flow equally, the mechanical work performed 
should be uniform throughout the whole mass, and all fins 
and surplus metal should be removed before each succeeding 
die is brought, into opera-timi. A knowledge of M. Tresca's 
investigations on the flow of solids will materially assist in 
the design and judgment upon stamping dies and forgings, 
and M. Arbel's performances deserve citing, He forged 
wrought iron wheels to 8 feet in diameter by a pair of dies, 
forming the whole wheel complete. It was constructed by 
building up in the lower die the whole wheel, sections having 
already been stamped to the required shape. The upper die 
was fixed in the hammer tup, and after repeated blows, made 
a well-finished forging. This became a common process in 
the manufacture of waggon wheels, hut has now been super- 
seded by steel castings. 

Hydraulic forging gives a maximum strength by forcing 
the fibre to flow into the required shape, and considerable 
economy is also entailed by the tool work saved in the 
machine shop. Soft steel will work more easily than 
iron, because it is comparatively without grain, and in the 
case of massive steel forgings the press, with its slow and 
powerful compression, will supersede the steam hammer. 
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With the abrupt blows of the latter, a large proportion of 
the sudden impact is absorbed upon the exterior of the 
forging, and, comparatively speaking, very little effect is 
produced upon the interior of the metal, owing to the resist- 
ance offered by the vis inertia of the mass to the sudden 
impact of the blow ; and should a hammer be used that is 
really too light for the work it is performing, this surface 
absorption is so great that the forging or ingot has consider- 
able tendency to pipe, or become hollow and unsound in the 
centre. In producing large forgings from ingots of mild 
steel, it is essential that they should receive throughout their 
whole mass as nearly as possible an equal distribution of 
the force required to shape them ; and with foTgings having 
sharp corners a pressure of 10 tons per square inch is required, 
and owing to the difficulty in obtaining duplicate work — 
certainly without repetition it will not pay — and by the 
rivalry of sound trustworthy castings, considerable impedi- 
ments are brought to bear against the ardour that might be 
displayed in developing this class of work. 

Crank axles are chiefly manufactured from Siemens- 
Martin steel, which, after forging and annealing, shall give 
results upon test bars machined from the blocks removed 
from between the sweeps, without any further hammering or 
annealing, of 28 to 32 tons per square inch tenacity, the 
elongation being not less than 20 per cent, on 3 inches, 
Whitworth or Woolwich bars ; and a 1£ inch bending test, 
placed upon 6 inch supports, to obtain a right angle without 
any signs of failure. The first results upon opening the test 
records of cranks made to the above specification for the 
Lancashire and Yorkshire Railway are 29 to 31 tons per 
square inch tenacity, 27 to 34 per cent, elongation, 39 to 50 
per cent, contraction of area, and the bends doubling flat 
upon themselves. 

An ingot should be caBt considerably heavier than the 



130 CONSTRUCTION OF THE MODERN LOCOMOTIVE. 

finished forging, in order to get sufficient material to form a 
sound crank, the bottom portion of the ingot of course 
being used, and generally, when roughed down tinder a 
vertical hammer, this extra weight forms the bottle-neck in 
that class of ingot, and thi3 in its turn forms an attachment 
for clamping the heavy porter bar. 

It is contended by most crank makers that the ingot 
should he about 24 inches square, and weigh not less than 
70 cwt. ; at least, it should be heavy enough to allow one- 
third of the upper portion to be removed, owing to the 
tendency of very mild steel to pipe. After casting the ingot, 
this pipe should he allowed sufficient time to definitely fomi 
itself, otherwise if the ingot is turned over or upon its side, 



part of the pipe will he parallel to the axis and part at right 
angles, or in some other objectionable place, and consequently 
it will be found later on somewhere in the forging. It is 
advisable to charge them into the re-heaters, or better, into 
the soaking pits before cooling ; because in cooling sometimes 
a clink occurs, which is not always external, and conse- 
quently invisible even after machining ; that is, an internal 
rupture takes place which will eventually become the start- 
ing place of a growing flaw. It has been found that steels 
high in manganese and silicon are especially prone to this 
evil. The hammer used for cogging the ingot down into a 
slab, Figs. 219 and 220, should not be less than 15 tons, but 
a smaller, about eight tons, may be used for finishing. Care 
should be exercised in heating, as a repetition without 
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mechanical work will change the nature of the fracture of 
any forging. 

In the present case the ingot is drawn down by a 35-ton 
duplex hammer to a slab 24^ inches by 12 inches, Figs. 219 
and 220, and immediately brought to the hot saw, and sawn 
as indicated by Fig. 219, for the sweeps. It is finished at an 
8-ton vertical hammer, the first operation being to cut out 
the gusset A, Fig. 219, with a large cuttor, and then roughly 
round up thi3 end to 9£ inches diameter. The portion 
between the sweeps is then removed by cutters, the staff 
changed, re-heated, and the gusset B, Fig. 219, cut out, and 
this end roughly rounded to 9^ inches diameter. The 
hammer blocks are then changed for a narrower set, so that 
the middle can be rounded roughly, and then re-heated for 
twisting, right-hand sweep to lead. The sweep that follows 
is then placed between the anvil and tup, and the leading 
sweep has a large spanner attached. It is then drawn up at 
right angles by suitable means, utilising hydraulic or any 
other available power. 

For obvious reasons, the leading sweep is the one always 
twisted, as it wdl then always precede, whether in forward 
or backward gear. The middle is then hammered to " peg," 
the finished forge size being 8 inches diameter, and the blocks 
changed for the ordinary set. The ends are then finished 
exactly to 9J inches diameter, forge size, utilising a peg, and 
cut to length, each end resting in turn upon a swage to 
preserve its symmetry, and ordinary cutting tools are used. 
The sweeps are then rounded under the hammer, top and 
bottom, and if found to be of slightly insufficient width, a 
fuller, consisting of a round bar, is stamped down the centre, 
which widens them out, without ;UTi;ctmg the thickness where 
it is required. The finished forging is shown in Figs. 221 and 
222, but minus this groove. 

It may be here observed that all the following forgings 
K 2 
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are manufactured from a mild steel of similar quality to that 
of crank axles, the exceptions being noted where necessary. 
In every case their utility and durability depend to a greater 
extent upon their ductility, than a high tenacity. They 
are subjected to such stress and strain in everyday working, 
that a high tenacity would be absolutely detrimental to an 
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economical life, and to the safety of the travelling public. 
When necessary they are lined with case-hardened bushes 
or faces, that is, where great wear and tear take place locally. 
The crank pins for the outside rods are forged as indicated 
by Figs. 223 and 224 ; throe or four continuously, that is, in 
one length of bar, as shown, and afterwards sawn off. Blooms 
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are roughed out to 5 inches square, and about 3 feet 6 inches 
long, and the pins are swaged out to tho required size by a 
pair of fast hammer blocks, no other tools being required. 
The washers for these pius are stamped in a loose die, from 
round bars 3 inches diameter cut to a length of 6 inches, 
the hole being punched through a guide plate, Fig. 225. 
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The specified tensile tests for engine straight axles are 
the same as for crank axles, besides which they must with- 
stand sixteen blows from a 1-ton tup falling 25 feet, resting 
upon centres 3 feet 9 inches apart, after each blow the axle 
being turned and the test continued until fracture, generally 
requiring to be nicked. The deflection will of course 
fluctuate according to the temper of the material, but as the 
percentage of carbon will only vary a few points— hundredths 
per cent. — it follows that the deflection is generally found to 
be fairly constant, that for engine axles being about 1£ to 
1J inch, and tender axles from 3 to 5 inches for each blow, 
and becoming straight, or nearly so, upon reversal. The 
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heat developed in these tests is very considerable, but the 
author has known an engine axle with a deflection of nearly 
5 inches to be straightened by blows from the tup falling 

25 feet, after remaining in its deformed condition for four 
days, without being annealed. Within the specified tenacity, 

26 and 28 per cent, elongation is obtained both on the length 
and crossway samples, and from 40 to 60 per cent, contraction 
of area. They are made from blooms 4 feet 9 inches long, 
9£ inches square, with round corners, at a 5-ton hammer, 
One end is rounded to a peg 9 inches in diameter, and cut 
off in swages, then the neck and collar are stamped in a 
paii' of swages as indicated by Fig. 226, the middle being 
hammered to peg, leaving about \ inch all over for turning. 
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waria the blooms iff rolled to the roagh section 
rn in a cogging mill, and in all cases the uksuv 
■ ■ aand at two heals, one half of each axle being 
finmhed before the other half is commenced, either 
br the wy as shown, or East hammer blocks, 
Una bang the most rapid and economical way of 

; inches by 3 feet 1 inch, the middle being first drawn 
pegs -tf by 2 inches, then the bosses for the pins are 
in a pair of swages. Fig. 227, the whole job being 
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finished and set for the machine shop without any further 
trimming up in the smithy. The following Bketohes, 
Fig. 227a, clearly show the operation of punching these roils : 
F is a plan of the block I), which is a steel casting, ami (I is n 
sectional elevation upon A B, also giving another view of the 
rod, shown in Fig. 227. The rod ia forged slightly smaller 
thai? the block and a little thicker than required, the hitter 
being of exact forge size, so that during punching the forging 
swells, although slightly drawn in at the top, and fits the 
block exactly ; and this necessitates the loose block B to 



facilitate the removal of the rod, which operation ia obvious. 
The connecting-roda are forged in pairs; that is, two big 




ends are forged in one piece, and after the rods are finished 
they are divided at the big ends, the tools used being simply 
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the peg, plate, and the swages for the enlargement for the Joy 
motion pin. After hammering down the big ends to peg, the 
radius A, Figs. 228 and 229, is formed by the hammer blocks. 
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All tho hammer blocks have a radius of about two inches at 
one edge, this being used for all forgings requiring a simdar 
radius or larger ; hut if smaller, it is set in with a bar. The 
middles are drawn down to a peg, and the radius B, Fig. 229, 
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s formed by plates. Fig. 228 shows the swages for the en- 
hirgoment in the centre of the rod for the oil cup, and after 
the small ends have been drawn down to a peg, the rods are 
cut to length and sent from the forge ready for the milling 
machine. Tig. 229a shows the forging for the big end strap, 
and Fig. 230 in its finished state. A bloom is roughed out 
to 7 by 4 inches by 3 feet 7 inches, making two straps, one 
end of which is drawn down to 5| by 3 1 - inches for about 
20 inches, and the rest to 3£ inches square. The end 
5J inches deep is then set down by a tool, as shown 
in Fig. 229b, to 3J inch square, leaving the oil cup as 
required, and afterwards the knees B, Fig. 229a, are set in 
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with a fuller for the corners in bending, which operation is 
performed in the smithy, making use of the block, Fig. 229c. 
Aba cross-section, and F a plan of this, and it is practi- 
cally a substitute for the hammer block. The small curved 
plate B is placed at the bottom of the strap recess at D 
resting upon 0, the function of which is to give the strap 
good round corners and leave plenty of metal for the smith 
to work up afterwards, whereas C is simply a convenience 
for raising or starting the strap upwards by means of a 
couple of wedges, if it has been wedged by the bending 
process. The actual bending is accomplished by means of 
a few blows from the hammer, transmitted through the 
ictangular block E, and one or two making-up pieces. 



nxi-aiu 




niter &m * solid bloom about 6 inches square, 
drawn down to about 4 inches square, after which the oil cap 
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ia struck out by a tool having the following section, 
and the rest of the strap is drawn down upon each side 
of the cup to a peg 3£ by 2£ and 2 inches. They are 
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then sent to the smithy in the form of Fig. 231 and after- 
wards bent. Failing more appropriate tools, or lack of 
quantity, the sketches Fig. 232a, represent the progress of 
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this operation. The U-piece of iron Aim 

in diameter, .and simply bent to » ■ 

is placed successively as represented, r 

the hammer through a fuller as direcwd t/v l 

the third representation the forging i 

the blows direct, until it is bent over u, waariy Aw |R| 

width, when it is finished exactly by placing * i&vak at 





the bend, and then closing by a few more blows, after which 
it is hammered to thickness upon its edges and pared up. 

The valve rods and anchor links for Joy's valve motion 
are made in a similar manner to each other, and are shown 
in Figs. 233 and 234, and consequently one description of **• 
manufacture will suffice for both, the example given 
the valve rod, the only difference being in the length 
bloom is roughed out to 7 by 4 inches, and then drawn 
to 5{ by 3J inches, the largest dimensions of the end 
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which the middle is drawn down to peg 2J by 1£ inches- 
Swages, Fig. 233, are used to form the shape of the ends, after 




which they are worked in the die, Fig. 235, in section, a plan of 
outline being given in dotted lines in Fig. 234, which leaves 
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them a well-finished job, ready for the machine shop. Tho 
radius links for the slipper blocks for Joy's motion, which 
can be clearly surmised from the 
blocks used, are made from solid 
beat iron blooms about 7 by 5^ 
inches by 1 foot 7 inches, re- 
quiring the group of tools shown 
in Fig. 236, when a restricted 
quantity of links suffice the ne- 
cessities of the shop, and when 
it would not pay to roll them in a merchant mill and set 
them to the required radius afterwards. After rc-heatiug, 





i first operation is to stamp a straight rectangular bar into 
! bloom, making it into a channel, and then follow on with 




bars 2-5, Fig, 236, which gradually open out the groove, 
jn this rough forging is bent to radius as indicated by D, 
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Pig. 236, and afterwards the bar G is inserted, having the 
exact radius. The forging is then re-heated and stamped 
into the blocks E, and afterwards the fins and flushes removed 




as indicated by C, Fig. 236, then sawn to 16$ inches long 
ready for the machine shop. 

The stirrup link, Figs. 237 and 238, is at present chiefly 
smithy work, and ia produced from a forging 4 by 3 by 
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14 inches, being first of all smithed out to Fig. 239; A 
being about 2\ inches high, B to finish forge dimensions, 
utilising the clapper swages, Fig. 238a. Two similar forgings 
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are prepared, then firmly welded together, and afterwards 
dressed up. The swing links, Figs. 240 and 241, are worked 
from forgings A\ by 10J by 20 inches, being first set down 
in the middle and pared off or finished in clapper swages. 
The valve buckles, Fig. 242, are forged from wrought-iron 
piles of about 2 cwt. in weighty which ate shingled at a 
welding heat into blooms about 7 by 3 inches. These blooms 
are re-heated and roughed out under the hammer, being 
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drawn down by the aid of plating tools, and the shanks are 
roughly rounded to peg. Afterwards the ends A and B, 
Fig. 242, which is the finished forging, are stamped in bored 
blocks 1J inch for the dummy gland end. Fig. 243, and 
2 1 7 g by 6 inches long for the welding or spindle end, 
F'ig. 244, which jumps them to fill the hole, leaving J inch 

i for turning at the short end, and ample metal for scarfing 
I welding at the opposite end. They are made in pairs 

i the forge, and finished in the smithy. They are received 
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by the smith generally as in Fig. 244a, but occasionally, 
when the forge is hard pressed, one or two may be sent 
as indicated by the dotted lines. The first operation then, 
is to draw out the ends under the hammer, and at the same 
heat stamp them again in the blocks which set the taper. 
Afterwards the ends are again tlrinned by a plating tool. 
Each portion is bent by the aid of the tool A, Fig. 244n, the 
shank B fitting into the square hole at the flat end of the 
anvil. After each portion has been bent it is scarfed for 




welding, Fig. 244c. The spindle is then welded on and the 
whole set to template, ready for the machine shop. 

When a solid cross-head is not used, but a steel casting, as 
shown in Figs. 89 and 90, p. 89, or when a shank is not 
cast to the cross-head and drawn down, Fig. 245 shows the 
hammer blocks used in forging an ordinary piston-rod, which 
shows clearly the mode of manufacture. Fig. 246 gives two 
views of the spring buckles, the first forging and its block 
being shown in Fig. 247. They are worked out of a piece 
of best iron 8 inches square, then set down upon each side of 
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the boss for the pin until prepared for the block, in which 
they are then stamped. Afterwards the flats are drawn out, 
bent and welded up. The only forge work that now remains 
is the slide bars, which are roughed out 4^ incheB square and 
2 feet long, then re-heated and rolled in a 14-inch merchant 




mill to 3J by 2£ inches and eut to 4 feet 3 inches long. 
They are then set under a hammer after being straightened 
whilst hot on the floor plates, ready for the milling machine. 
The whole of the forgings described, are made and finished 
in such a manner that there shall be a minimum amount 
of finishing tool work required, consequently entailing a 
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maximum despatch in the machine shop and reducing the 
cost They are also stamped with distinctive marks, which 
are carried forward in the machine and other shops. This 
system is almost universal, so that in the event of failure of a 
tire,crank,rod,orany otherpiece of mechanism its history can 
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can be clearly traced. Moreover, the collection of tem- 
plates and gauges is constantly kept up to standard, and all 
ibrgiugs worked to these templates. Mandrils and finished 
forcings are kept purposely for striking swages from, so that 
indifferent work shall not be possible through lack of con- 
venience in replacing damaged blocks. One mandril may be 
made up, representing two or more forms of straight axles 
thus, Fig. 247a, showing a three-standard mandril, each 
section being turned up, whilst another may have the crank 
pin ends of the coupling rods. After the swage has been 
struck, a hole is generally punched at the end or side, and a 
bar from \ to 1J inch diameter inserted, which is gripped by 



the cooling and contracting swage, or pieces to form 1 
are sometimes dabbed on, and afterwards, if it is i 
the impression formed by striking the swage is finished by a 
fitter chipping it up, or otherwise perfecting. If the swage 
is to be of the clapper type the bows are simply welded on ; 
and finally, fixed blocks are more conducive to good and rapid 
working than loose ones. An example of this class may be 
taken in the coupling rods, Fig. 227, one end of the block 
having that portion marked A, whilst the opposite end swages 
the centre joint of the rod B, with a good true surface in 
between for drawing down the rod, having the required radius 
at the edges. The work is also carefully portioned out, each 
hammer having essentially nothing beyond its power to deal 
with, for reasons ^already put forth earlier in this section, 
and also retaining its set of men, shingler, furnacemen and 
helpers, for division of labour is to a great extent answerable 
for the successful working of a forge. 
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Undoubtedly the smith's art 13 of great antiquity, and it 
is sometimes a question why the early artificers in metals 
should have blended copper and tin, during the bronze period, 
before creating what the author might term a welding period. 
Doubtless the requirement of a high temperature, created by 
a blast, was the impediment, for it is related that one of the 
earliest productions of this very necessary accessory to the 
smithy was the selection of a valley, with known prevailing 
winds, then boring two or more cone-shaped tunnels through 
a lull, with the bell mouth to the wind, and tapering them to 
meet in one narrow neck. The ancient smith also appears 
to have been a factor of great power among the armies of his 
day, for upon him the conquering made special raids, in order 
that the vanquished should be without the means of re- 
producing those wonderful blades, which cut that which 
offered no resistance, aud consequently remain for a longer 
period under submission. The author is fully aware that 
this is probably of more interest from an archteologieal point 
of view than mechanical, and he offers the most beautiful and 
wonderful work of the early English smith, such as the 
fabrication of most costly armour and the production of 
ecclesiastical ornamental work, as his apology for introducing 
such remarks to his readers. 

It is somewhat difficult to draw a definite line of demarca- 
tion between the forge and smithy work, consequently the 
section devoted to the forge should be read conjointly with 
the present one, because in many cases the former has to 
prepare rough forgings for the latter, and active management 
is always working in the direction of saving as much of this 
class of work as possible, i-otiscquently the larger and heavier 
portions of smithy work are constantly being devised — by 

l 2 
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the aid of more complete tools — to be finished in the forge 
for the machine shop ; therefore for this reason and the use 
of steel castings, Section II., Part II., page 72, the smith's 
work is heing periodically curtailed. 

Wrought iron is the material upon which the smith is 
generally engaged, but mild steel, both acid and basic, is now 
being extensively used, and, after a little experience, it is a fact 
that a smith will prefer the latter, especially if the former 
has been produced from inferior scrap, or from scrap that has 
been worked a number of times, or is red-short. The relative 
qualities of the various brands of wrought iron may be 
pretty accurately ganged by a comparison of fractures, 
provided they have all been broken under similar conditions, 
a ready means being to nick and bend across the anvil. It 
is obvious that for comparison the conditions must he similar, 
because the fracture produced by a tensile strain will be 
vastly different from that produced by bending. The texture 
of good wrought iron is fine and close, and of a silver grey 
colour. It is well exemplified by nicking a 1^-inch bar 
about J-inch deep, and then bending the sample down flat 
upon itself, when the fibre will be found to be quite distinct 
and long, whereas inferior iron may be coarse and granular, 
with short fibre of a dark colour, indicating cold -shortness, 
and sometimes largely crystalline. It is certain that the 
element of time will affect the fracture, and to bring out the 
fibre thoroughly, the bending operation should be performed 
slowly and gradually. 

The principal operation with which the smith is concerned 
is welding, which gives to iron its great intrinsic value, and is 
generally considered to be an adhesion under pressure of two 
pieces, which have been heated up to the plastic limit. 
Practically the two are made into one, but the great difficulty 
in removing dirt, scoria, oxide or other foreign matter, 
renders an actual and perfect contact almost impossible ; 




and however good a weld may be, and whatever attention 
may have been bestowed upon its production, a line of 
demarcation may generally be detected. A fine metallic 
surface is of course the first requisite, followed immedi- 
ately, and of equal importance, by a consideration of the 
impurities incorporated in the iron. These impurities will 
affect the weld by their own weldability, and their tendency to 
crystallisation, also if prono to oxidation to a greater degree 
than the iron in which they are, they must naturally be 
taken as detrimental. Their weldability may be dispensed 
with, by stating that there are only two impurities, viz. 
uiekel and cobalt, which will weld, consequently all others 
must be taken as hurtful. The property of retaining an 
amorphous or plastic condition up to a high temperature, say 
approaching its melting point, is favourable to good welding; 
therefore, anything that tends to lower tliis condition, such 
as carbon, silicon and phosphorus, causes the resulting weld 
to be of an inferior quality, generally known as being cold- 
short. These impurities are not actually detrimental to the 
act of welding, but lower the welding temperature, especially 
in the case of phosphorus. Sulphur behaves differently, it 
aids the separation out of the more fusible compounds; 
consequently, iron containing it crumbles when struck. 
Manganese in high percentages causes the material to be 
very red-short, and the greatest care is required both in the 
gradual heating and ultimate manipulation ; nothing but the 
lowest temperatures will permit of the working of a material 
high in manganese in any degree. Therefore, to produce a 
sound weld, there must be the fullest contact between the un- 
oxidised metallic surfaces of the metal ; and the more homo- 
geneous and pure the material is, the more perfect will be 
the weld. It is difficult without hammering to bring these 
surfaces into sufficiently near contact, and also to remove the 
slag which has been developed to prevent the oxidation of the 
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scarf whilst heating. It is more difficult to weld mild steel 
or ingot iron, because it requires a quick fire and smart 
handling, success depending to a greater extent upon the 
mechanical treatment than chemical composition. It will 
not weld nearly so well as iron containing a greater per- 
centage of impurities, because in the latter they partake more 
the nature of an admixture than a chemical combination ; 
and it is found from considerable experience that the welding 
heat for mild steel is at the point of transition from a bright 
red to a white heat, which appears to he the temperature, 
when, as it were, the cohesive state is changed for that of the 
plastic. 

The method of scarfing is an important factor in pro- 
ducing a souud weld, for upon it depends the ease with 
which the slag is forced out when contact is made. In 
welding up, say, 2-inch bars, the most frequent method is for 
the striker and helper, with backing hammers, to set back 
the bar thus, and afterwards extend it by fullering. As long 
as the smith does not proceed any 
further this will produce a good weld, 
but frequently lie gives the bar a 
quarter turn and a few blows, the result being to create a 
hollow, consequently trapping the slag, when the two scarfs 
are brought together. The best method of scarfing is to use 
the flatter after the fuller, then bend slightly over the beak 
of the anvil, which produces a scarf thus, and when two 
similar scarfs are brought together, 
they touch in the centre first and 
unite outwards, the Blag going 
before. Very good jump welds can 
be produced, hut this method in an ordinary smith's fire is 
not to be encouraged, because they always break at the joint, 
showing a crystalline fracture with short elongation, whereas 
with round scarfs, they break, as frequently outside the weld 
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with fibrous fracture, which is also the case when broken at 
the weld. In good welds it is quite within reason to expect 
under a tensile strain that the bar will not break at the weld, 
because the extra mechanical work put into that portion 
raises its ultimate strength, consequently after fracture the 
contraction at the weld is less than along the rest of the bar, 
but taking the whole shop through, it is not safe to calculate 
the strength of a weld beyond 70 per cent, of the solid. 

It is not proposed to deal with the many mixtures used a3 
fluxes, especially in the welding of mild steel, but it ia only 
fair to state that there are certain compositions on the 
market which are valuable accessories in welding high 
carbon and tool steels. They cannot exactly, however, be 
wholly passed over, because certain materials, such as sand, 
are commonly used, and are useful both for iron and steel. 
The metal is inevitably oxidised during heating. Wrought 
iron and soft ingot iron or mild steel may be safely heated to 
the temperature at which the oxide is fluid, then a flux is not 
necessary, but might facilitate welding. Again, as the per- 
centage content of carbon is increased, the welding point is 
correspondingly decreased, therefore a flux must be used to 
slag out the oxide at this lower temperature. From this the 
reason is readily surmised for the numerous fluxes or welding 
compositions upon the market, which are, generally speaking, 
alkaline salts. It must be remembered that the flux does 
not benefit the metal, and the chief requisites are low melting 
points and cheapness ; therefore, as ordinary sand and borax 
admirably fulfil these requirements, they are not likely to he 
readily supplanted. They form a slag which simply sur- 
rounds the parts to be welded, and protects them from 
oxidation and the influences of the impurities in the coke, 
especially sulphur. Impure iron will form a flux out of its 
own impurities, and when the scarfs are brought together and 
hammered or otherwise compressed, the slag ii 
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Although the chief requirements for welding mild steel have 
already heen stated, sometimes calcined borax, mixed with 
salammoniac, is used, but there is no apparent i 
this, although, certainly it makes a more fusible flux. 
Welding by electricity having been made the s 
considerable commercial enterprise, it will not be entirely 
without interest in a locomotive smithy, and a short notice 
of two sjstems — the low potential and the arc — may be of 
service for special purposes rather than general use. In both 
systems there is economy of time and labour, a weld being 
performed with the utmost rapidity at a very low figure, for 
as many as 700 welds, ranging from f-inch bars to 2-inch 
shafting, can be made per week by a 40 A type machine 
of The Electric Welding Company, Limited. There is also 
saving in material, for there i3 no blistering, scale or burning, 
and if two pieces, each 1 foot long, are placed in the machine, 
when finished the product will be one bar exactly 2 feet long. 
The heat can be regulated perfectly, being always visible, and 
there is not any necessity to allow 1 inch or 1^ inches for 
scarfing. The absence of scale and dirt in the arc system or 
improved Benardo's, as carried out by Messrs. Lloyd and 
Lloyd, Birmingham, is probably due to the fact that the 
vapour of iron is produced to such an extent, that the 
atmosphere cannot get sufficiently near to oxidise the metal. 
Both systems have great advantages in welding uneven 
sections, and also prevent the introduction of dirt, whether 
solid or gaseous, and should two bars be brought together, 
the ends to he welded being covered with oxide, it does not 
appear to be the least detrimental, it escaping as a drop or 
two of slag falling from the surfaces when under pressure. 
The principle of the first process is the conversion of a current 
of very high potential, by means of transformers, into low 
potential. Machines are designed and supplied to suit the 
nature of the work to be done, whether welding or brazing, 







and to utilise whatever existing power may be at hand, and 
each machine is capable of welding various sizes within 
reasonable limits. The current of low potential is caused to 
pass through the abutting ends of the pieces of metal to be 
welded, rounds, squares, angles, tees, zeds, &c, generating 
heat at the junction, which is the place of greatest resistance. 
This machine has also been found very useful in welding up 
short lengths of turning, planing and other tools — Mushet — 
or otherwise, and thereby increasing their life. Union is 
effected by following up the softening metal by mechanical 
means at a welding temperature. The weld in this case is 
as efficient in the centre as the exterior, because the heat 
generated by the current commences at the centre and 
extends outwards ; but should there be a point of first contact 
elsewhere, of course the heat is first generated there. Gene- 
rally, a burr, upsetting or enlargment of the section is pro- 
duced, which is either removed by a light hammer or by 
specially designed machinery. Mechanical work is of course 
beneficial to the weld, consequently an anvil is mostly found 
in line with the clamps of the machine, with a part section of 
the article being welded, let into its face to facilitate hammer- 
ing up. Good illustrations of this work are the welding on 
of new ends to old iron and steel boiler tubes, in which case 
they are hammered on a mandril ; and also the upsetting of 
tubes or bars at any position of their length. 

In the arc system an ordinary lighting low tension con- 
tinuous dynamo is used, in conjuction with a system of 
accumulators, which come into action only when the actual 
welding is taking place. The reason for the latter is to get 
a high efficiency from the plant, the accumulators acting 
the same part as an accumulator in relation to the pumps 
in a system of hydraulic pressure. One terminal is con- 
nected by means of a flexible cable to a carbon, held in an 
insulated holder by the workman. The other terminal is 
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connected to the table on which the work lies, or to the work 
itself, and the arc is sprung between these poles by the 
workman touching the work with the carbon, and then 
raising it up. The are should be as long as possible for good 
regular work, the maximum being fur welding purposes 
about 6 inches in length, and having a sectional area of about 
2 square inches. Iron and steel are made the positive poles, 
and as this is the pole that volatilises, the vapour of the 
metal will generally assist in maintaining the arc, hut for 
other metals the poles are sometimes reversed. To avoid 
any great concentration of heat on a confined area, the carbon 
is caused to vibrate at a high rate of speed by mechanical 
means, actuated by a small electric motor, as is also a small 
hammer, used for securing welds and removing hurra. The 
mechanical motion of the carbon is produced by fixing it 
eccentrically to a spindle, which revolves at about 300 to 
400 revolutions per minute, the circle produced being about 
24 inches diameter, and this spindle has also a longitudinal 
movement of about 4 inches at the rate of thirty strokes per 
minute. The degree of heat is regulated to suit the nature 
of the work, and ordinary welds are generally produced by 
burning on small pieces of iron and steel, as the case may be, 
weighing only a few ounces. Owing to the intense heat and 
light of this system, the eyes and face of the workman must 
be protected, and it has this disadvantage, it lacks a ready 
means of control over the temperature, which is extremely 
localised, much more so than in an ordinary smith's fire; 
consequently the internal strains set up must be objectionable, 
and the high temperature developed causes a greater amount 
of local crystallisation. This system is less desirable when 
the sectional area is small, but where there is greater cubical 
content, such as internal flues of boilers and pipes, it is 
more convenient than the low potential. 

Angle smith-/. — The hydraulic flanging press has con- 
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siderubly curtailed tlie work of the angle smith, but never- 
theless there is much interesting work being done, as the 
author will endeavour to show. The anvil block in general 
use for angle work is shown in Fig. 248, which will answer 
for most purposes, but where there is a repetition of an acute 
or obtuse angle, a block is made having the required angle, 
and also there are blocks with segments of circles upon each 
edge, with various radii for 



angle -ring making. The 
general process may be 
illustrated simply by de- 
scribing the work and 
manner of making a right 
angle. The angle iron is 
marked to the required 
length in each direction, 
A E, then upon each side 
of the vertical an angle of 
45° is marked, that is, 

nicked cold and afterwards / w j — , 

heated and removed by a j 

hot set. The edges are ^ A „l - b *■ 

then scarfed, and the 

angle bent rouud. Sometimes the corner is hammered square, 
and at others a " glut," that is, a small length of bar iron, i3 
welded on. The augle to which it is first bent is an impor- 
taut consideration and perhaps, to be on the safe side, it 
should be rather more acute than is required at the finish, 
"but experienced journeymen appear to work correctly without 
this preliminary operation. However, if it is rather more 
acute, and the scarf rather thicker than the rest of the section, 
the angle can. be easily obtained by hammering the joint a 
Little more, and then if too thick, metal can always be re- 
ioved by the hot set when it would be impossible to add 
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more if too thin. The 
operation ia similar for 
various angles, the V- 
piece removed differ- 
ing of course in width 
according to the angle 
required. Fig. 249 
shows a portion of the 
end angle iron of a 
saddle tank. The 
simple right angle is 
first made, and then 
the other portion is 
bent round a fixed 
template on a hending 
block, the flat being 
kept down by a few 
blows as the hending 
proceeds, that is, as it 
puckers up, the metal 
is caused to flow or 
gather together by 
these blows. The run- 
ning board or plat- 
form edge angle iron 
is shown in Fig. 250. 
It is 6 inches by 2^ 
inches with an over- 
all length of 26 feet 
1 inch when finished. 
The buffer beam end 
is first formed. The 
figure, and the previous 
general description of 
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making a right angle, clearly indicate the process, and is 
followed by welding in the glut A to form the finished curve, 
which is cut by a hot set. The opposite or footstep end is 
formed from a mild steel plate, the angle being flanged over 
and cornered up square by welding on gluts of bar iron, 
6 inches or 7 inches, at once. It is then welded to the main 
angle iron, care being taken to keep it in line with the whole 
length, and to trammelled centres already fixed. When 
finished, should it be too short, it is an easy matter to heat a 
short length and then stretch, but it is rather more difficult to 
jump it up accurately, these latter operations being of most rare 
occurrence. Fig. 251 is an example only of a box angle iron, the 
full lines having the flange outside, and the dotted inside. The 
corners A and B are finished first, that is, they are left perfectly 
square before the opposite end is commenced. The parallel 
sides are then cramped together, and the other two corners 
finished. The first corner must not be left until it is per- 
fectly square, following this plan rigidly throughout for each 
corner. The inside flange is the easist to make, from the fact 
that there is only one half the scarfing and welding to perform. 
Angle rings are seldom required, and those of heavy 
section and in numbers can be obtained | 

weldless ; but odd ones are made by 
bending the angle iron round segments 
upon the bending block and welding. 
To make an accurate ring is an accom- 
plishment, the difficulty being the al- 
lowance or scarfing. Sometimes, instead 
of the usual rectangular or right-angled 
iron, acute or obtuse angles may be 
required, which are produced by drawing ' 

through blocks under the steam hammer as shown in the 
annexed figure ; when of course the small quantity and short 
length required does not warrant the rolling of such a section. 
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One form of bending block is shown in Fig. 252 ; and upon 
it is placed the cab beading, which will at once bring before 
the reader's mind many applications to which it can be put. 

General smithy. — The work of the general smithy, as far 
as the locomotive is concerned, is very much cut and dried, 
but in a railway shop, the locomotive work is supple- 
mented by highly interesting jobs for other departments, 
which from a craftsman's point of view, unfortunately 
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cannct be described here. In Fig. 253 is shown the lever at 
the end of the reversing shaft, which is received from the 
forge as shown at A and B. The first operation in the 
smithy is to fuller it with a round bar, as at E, then set 
down each side with a plate, cut off the surplus metal, and 
trim up on the anvil. Eeheat and block it in the swage 0, 
remove the fins, then trim and square up generally with 
fuller and flatter. Afterwards draw down the middle to 
width, thickness and length ; then, after the little end is to 



section, cut off with a C gouge and set to the radius shown in 
the finished forging J), on the heak of the anvil. A well- 
known form of spring link is shown in Fig. 254. Two 
are made from one billet, 14 inches by 4 inches square, 
by hammering into it the triangular fuller, having the £-ineh 
square groove as shown at A. Afterwards the ends are 
drawn down, and a set put in for convenience in stamping in 
the blocks as at B. They are then straightened, trimmed up, 
and round fullers set in as at E, to the required depth, and 
then drawn down by plates to the finished section. The pin 
joint end is then roughed out in clapper swages, and finished 
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by stamping in a loose die, the Rub removed, and finally it 
is cramped to the block, shown at D, resting upon the anvil, 
where it ia generally trimmed and dressed up to template by 
fullers and flatters. The' D link shown in Fig. 255 is another 
form of spring link. It is received from the forge as shown 
at A, the first operation in the smithy being to block it under 
the steam hammer in the swage B, with a round fuller on the 
top which prepares it for the finisliing swage C, and it is 
then cut to length by the C gouge as at D. 

In Fig. 256 is shown the punch and die for punching out 
of g-inch plate one end of the safety-valve lever. G is a 
J>lan ; H, the end elevation ; K, a part section on A B of the 
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plan G, showing J inch lead on the punch at the centre, and 
L is a section on CDEK There is a -^g-inch clearance in 
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the die, and ^-inch taper per side on tlie punch ; and taking 
the figures as a whole, they are clearly indicative of their 
manipulation. After the punching has been dressed up, 
leaving, say, £ inch per side for mill i n a, it is scarfed at M 
and the long arm. welded on. The group of tools shown in 
Fig. 257 are for producing the screw couplings. C and C 
are punched in a die, the form of which will readily present 
itself to the reader's mind. Two of these are required for 




each shackle, and they are coupled direct hy means of a bolt 
to the hook. D and D 1 show the punch and die for pro- 
ducing each end of the link H. It is made out of 3^-iucli by 
|-inch mild steel bar, and after each end haa been stamped 
the middle is drawn down and rounded to 1| inch diameter. 
The screw E is made out of 2g-inch round mild steel hy first 
flattening under the hammer the short or shank end, then a 
round edged fuller is set in each side of the shank and each 
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is generally an old set worn by use, the second being the 
finished size. No machine work is required to be done to 

these nuts, excepting the drilling and tapping of the hole, 
because they are finished accurately, and with a good surface 
in the final die. The lever F, which is attached to the shank 
of the screw E, is shown as formed by swages out of 1 £ inch 
square mild steel by 9 inches long, which makes two ; but 
this joint, it may be stated, is now made by the drop hammer. 
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Two ends are formed simultaneously, divided and punched 
as indicated, the punch being shown separately beneath the 
die. Similar joints are a frequent job in a smithy, but of 
different dimensions and small quantity. In these cases the 
over-all dimensions are produced by fullers and flatters ; then 
the bottom of the cleavage is formed by a hot punch, thu3 
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(A), and then cut out by a hot set, as indicated by the dotted 
lines. Afterwards a wedge is placed between for dressing 
and finishing up (B). See also valve spindle cross-head, 
Fig. 264, drop hammer. Fig. 258 may represent the ashpan 
and cylinder cock levers. Supposing the shaft is to be lfinch 
diameter when finished, it is made out of If inch round, to 
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save jumping up. The long arm at the end is first welded 
on by setting back the end of the shaft with backing 
hammers, and hollowing out the arm, Fig. C, which is 
usually termed dabbing on. If it is a shaft of much heavier 
dimensions, these ends aie fixed on differently in various 
shops, oue instance being to fuller a hollow in the end, weld 
m 2 
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on the arm, Fig. D, and remove all surplus metal by the hot set. 
Another method is to fuller a hollow at the end. Fig. E, then 
draw down under the hammer and bend the arm over. The 




two short arms are then welded on by fullering out the shaft 
and scarfing the arm, Fig. F. After all the welding has 
been finished, the long and short arms are set to the required 
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angle, then it is finished in round clapper swages, one pair 
having provision made to allow the Bhort arm to protrude. 
The smoke-box ranges. Fig. 259, are made from 3J by 
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J by 10£ inches long, drawn down by the aid of a taper plate 
to 4 inches wide and g inch on the thick edge and | inch on 
the thin edge, then set to a radius of 1 foot 7 inches, to 
which the lugs are welded. These are prepared by stamping, 
and tiien welded to the prepared plate in the block C. It is 
a well-finished job ; the only machine work required is the 
drilling of the holes. The front and end elevation AB 
clearly indicates the whole arrangement, and also the use of 
the two different lugs. Pig. 260 shows the method of pro- 
ducing the boiler handrail stud, and Fig. 261 the handrail 
pillar. Each end of the latter is formed in its own particular 

swage, and the intervening portion by a taper swage. The 
figures are clear, and do not call for any further comment. 

In relation to stamping with the drop hammer, which has 
come in for a considerable increment of usefulness during 
late years, in many forms and capacities, it may be generally 
stated that all those remarks made upon swaging, in both 
loose and fixed blocks under the steam hammer, are equally 
applicable— Section III. Part I., Forge. Drop hammers may 
be obtained of various designs, aud sometimes embrace many 
ingenious mecbanieal devices. They are sold by the makers 
of steam hammers, and also they are frequently rigged up by 
the intending user, out of convenient material in convenient 
places. When the latter plan is resorted to, it frequently 
happens that the well-known appliance in the tin shop is 
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copied on a larger scale, aiid of heavier dimensions. In other 
designs the head is raised hy means of an attached hoard, 
which passes through friction rollers, regulated by a foot- 
treadle, the upward progress being checked by adjustable 
collars on the upright. Sometimes arrangements are also 
provided to give repeated and variable blows. Fig. 262 gives 
four views of the hammer head, as an example, and Fig. 263, 
the top and bottom die. Mild steel castings make service- 
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able dies, but of course whether the dies are forgings or 
castings, the object to be stamped has to be carved accurately 
in them. This is done by working rigidly to centre lines 
and machining as much as possible, planing, drilling or 
shaping ; but the chief work lies in careful and patient 
fitting. After the fitter lias finished they are braced together 
and tested, by running in a composition of lead and bismuth, 
and when accurately coincident they are finally marked, so 
as to facilitate the preliminary adjustment in the hammer. 
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When fixed for working, they are first tried upon a lump of 
stiff clay. It is reasonable to expect a production of a 
thousand articles without serious detriment to cither die. 
Those shown have carved in them the end or joint of the 
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reversing shaft, the finished product being given in two 
views to the right. Other articles produced by this means 
are : — Fig. 264, the valve-spindle cross-head ; Fig. 265, ad- 
justable spring link ; Fig. 260, a short-armed lever ; Fig. 2&7, 
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a small standard f >r communication cord, and also an infinite 
variety of signal work. The fin produced is removed by an 
auxiliary die, winch is illus- 
trated by Fig. 268, being the 
- arrangement for the adjustable 

W /^==^\ s P rin S !ink > ri g- 265 - 

Each engine is, of course, 

thoroughly equipped with all 

necessary tools, spanners from 

~pg to 1$ inch, box and gland 

FIG 267 —1 k evs > ^kes, shovels, pricks, darts, 

FIG 268. chisels, Arc, It is obvious that 

the cheapest method, taking all 

things into consideration, in the production of spanners, is 

the drop hammer, in which case they are made to the fol- 

^ lowing section (G). The method 

§ iK- II now '' lirtner illustrated, will cer- 

Q tainly compete in economy of time, 

but there is the element of waste in 
the scrap formed by punching, and the spanner on the whole is 
heavier than that produced by the drop hammer. As there 
is no welding about them they are a strong job, and there is 
not any risk of the jaw breaking. The punching block and 
die for J and 1 inch double-ended spanners are shown in 
Fig, 269, A being a plan and B the end elevatiori. They can 
be punched as quickly as the rolled or sheared strip of mild 
steel can be pushed through, there being two punches, one 
working whilst the other is drawn out and got ready to take 
its turn. After the whole order is punched, the J-incli 
ends nre finished first, followed of course by the 1 inch. 
The finishing process occupies one heat only, the first 
operation being to round the edges in a pair of swages C, 
Fig. 269, immediately lifter It is put into 



dummy placed upon the top to keep the die from spre; 
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punched and finally dressed up on the anvil, of which, need- 
less to say, little is necessary. Fig. 270 is a useful com- 
bination used in the production of ehisels. It is one of the 
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many examples which might be illustrated to show how 
division of labour produces its own means to facilitate certain 
ends. It is used in heading, A being an adjustable guide for 
the length, E a peg which prevents undue wear and tear or 
injury to the swage C, 
which heads two at once. <-r\< ^ ~j^ 

They are then sheared by a 
somewhat similar arrange- 
ment, the peg in this case 
preventing the blade of the 
shear coming upon the 
anvil, each combination tool 
weighing but a few pounds. 
After shearing, the chisels 
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are drawn down upon a taper plate, and half-a-dozen can 

easily be made at one heat from bars of the required section- 

The enormous quantity of nuts and bolts are made by 
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machinery, either by swaging or heading. The swagi 
machine has a range from J to 2 inches by change of 
Bolts with hexagonal heads are made from round bars, but 
those having square heads from square bars. The dies in the 
Ryder machine never close by J inch, so that there shall 
be any risk of damaging them. The machine is fixed in el 
proximity to the smith's hearth ; immediately beyond is 
hot saw, and in front of the latter is a square anvil, in which 
is placed the former A, Fig. II, for shaping the head, the chamfer 
being made by a snap. In the heading machine any length 
of bolt can be dealt with, but each has its range of work as 
to diameter, both for nuts and bolts, say J to 1 inch, and 
1} to 1$ inch in bolts, the latter making from 1 to lj-inch 
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nuts. Horsfull's beading machine first produces B "bunt," 
formed thus, Fig. I, which is then lowered down into the next 
pair of dies and finished by a snap and hammer. Fig. J. 
The nuts made in these machines are quite solid, and thoy do 
not make any waste. The punching from one nut goes to 
help to form the next, whereas in the Collier machine there 
are two punehings which go into the scrap box. The range 
of the latter machine is up to 1^ -inch nuts and washers. In 
this case bar iron must be used about J inch thicker and 
■fa inch narrower to allow for compression and flow during 
the act of punching, Rivets are made in machines of the 
De Bergue type, which are heading. The thickness of the 
nuts is the same, whether hexagonal or square, and generally 
equals the diameter of the bolt, excepting in some cases, such 
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the case with snap heads, the width of the latter being equal 

to that of the nut across the sides, Fig. K. The large radius A 

equals twice the diameter of the bolt, and the small radius B 

half of the diameter. The angle of countersunk bolts is made 

30° with the vertical, the 

diameter of the head being 

equal to the width of the nut 

across the sides ; therefore the 

depth determines itself. The 

nuts are to Whitworth's 

standards. The ferrules of the 

tubes are made from steel strips 

rolled to section, cut to length by the smith and welded 

by an Oliver, on a mandril in a die. This method has 

been surpassed by cutting steel tubes of required diameter 
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to length, and putting the necessary taper on by a drifting 
machine. 

Spring smithy.-— Ihe work of the spring smith has been 
considerably curtailed by the introduction of a compact 
machine, which combines all the processes of shearing, taper- 
ing, spearing, or shaping the ends of the plates, punching, 
slotting and nibbing, for which, up till now, if machinery has 
been employed, it has been requisite to use separate machines. 
It occupies a space of about 12 by 8 feet over all, including 
arms for resting plates upon and adjustable guides for lengths. 
It consists of an upright frame carrying three slides in the 
centre, working respectively to a couple of dies for spearing 
or shaping the ends of the plates, putting in the nibs, and a 
punch for cutting the horizontal slot. A fourth slide is 
utilised for the working of a circular punch to form the centre 
indent for the £-inch set screw, and above this is a pair of 
shears for cutting the bars to length, to which is attached an 
arm for an adjustable guide for those lengths. At the opposite 
end of the machine is a pair of rolls, one of which turns 
eccentrically and tapers the ends of those plates which are 
required for certain classes of springs. Alongside this, fixed 
to a back centre, there is an arm which rests upon a cam, and 
its duty is to close in again the metal which has spread during 
the thinning process. If only one width of plate was used, 
this last piece of mechanism would not be required, as a 
groove in the roll would prevent the metal from spreading. 
The whole combination can either be driven from the shaft- 
ing, or, where this is absent, by a small vertical engine with 
ordinary gearing, and is operated by one man. For all ordi- 
nary grades, say up to about 48 tons per square inch tenacity, 
this machine operates upon the plates at ordinary tem- 
peratures, but should a harder grade be required, the plates 
are got to a dull red heat before beiug machined, and then 
portioned out in complete sets to the various smiths. The 
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pin ends of the spring back are stamped in blocks from a good 
quality iron, which in the long run is the most economical, 
because they can be cut out of damaged backs and welded on 
to new ones, and should the holes wear they can easily 
be closed again, whereas if made from any grade of steel 
beyond a mild, it would be more difficult to cut them out 
and close the holes, or re-weld in new backs. Solid ends 
are prepared by turning the plate round a piece of £-inch 
iron, welding up and finishing in a swage fixed on the anvil 
Fig. M. Each smith has a setting table about 5 by 2 feet 
6 inches by 4 inches thick, and a block to sketch, Fig. L, 
also a good set of cramps to assist in placing on the buckles, 
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and one oil tank 4 feet in diameter by 5 feet 6 inches 
deep serves for two hearths. The use of the block chiefly 
lies in rectifying the cambre of plates after tempering, for 
although the tendency is to straighten, it is never known in 
which direction the plate may go or behave during slacking — 
one edge may go more than another — also for bringing to 
cambre any plates that have been damaged through accident 
or unusual wear and tear. Each smith makes his own backs 
by welding on the ends, which have been drilled for the pin, 
and clearance slotted for the link. This job alone shows the 
smart action required in welding steel of moderately high 
carbon, for the backs are a special welding grade not quite so 
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hard as the body of the 
spring. After each end has 
been welded on, a compo- 
sition being used to aid this, 
the whole is got to a uni- 
form heat and the cambre 
set in to a template, and 
then followed on by each 
succeeding plate to the pre- 
ceding one. Each, as it 
passes through the smith's 
hand, is hardened and 
tempered in oil, the latter 
operation generally depend- 
ing upon the behaviour of 
the heated plate when 
rubbed with a piece of wood. 
Judgment in this case de- 
pends entirely upon the 
knowledge of the grade of 
steel, any change in which 
can easily be detected by its 
ring when struck, but some- 
times in the case of safety 
valve springs, one or two 
are tried in the testing 
machine. The collection of 
plates is then cramped 
together, and the buckle. 
Fig. 246, p. 145, is placed 
on hot, compressed upon all 
sides simultaneously in a 
specially designed hydraulic 
press, and then quenched. 
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Every spring is tested to a pressure sufficient to take out the 
cambre, not more than £ or -fy inch permanent Bet being ad- 
mitted. The finished spring is shown in Fig. 271. The 
safety valve spring consists of six coils of §§ inch diameter 
steel bar, one half of a coil at each end being turned inwards 
for suspension. The length between the points of suspension 
is equal for 140 lb. and 160 lb. per square inch, the difference 
in the tension being effected generally by temper, but it may 
also be regulated by composition of the metal or reduction 
in sectional area. It, and the mandril upon which it is made 
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are shown in Fig. 272, which will also serve as an example of 
the production of tills class of spring. Owing to the strong 
section of some volute springs, the motion of the mandril 
must be produced by mechanical effort. 

Among the processes accessory to smiths' work, it may be 
stated that tempering in its broadest sense embraces hardening, 
case-hardening, annealing and toughening. Considerations 
to be regarded when effecting a certain degree of temper are 
resistance to abrasion, the sustaining of a great pressure upon 
a cutting edge, and also the elasticity of the remaining portion 
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of the tool or article in hand. The intrinsic value and tol 
efficiency of a tool depends much more upon the manipula- 
tion of the operator during ita production, and its tempering 
qualities, than upon its direct hardening property. The 
former is adjusted to suit the nature of the work it has to 
perform, and is really the obtaining of a hardness with 
resilience, less than the ultimate or dead hardness. The 
heating should he as uniform as possible, otherwise there will 
be an unequal expansion, and sometimes to such an extent 
as to render the finished article of very little value. The 
rapidity with which the heat should be developed depends 
entirely upon the siae and the utility of the article ; but in 
most cases it is safe to state that slow and even heating should 
be resorted to, with as little decarbomsation going on as 
possible, but if the article is of large dimensions and even 
section, it may be of considerable service to heat the exterior 
rapidly and evenly, then, after cooling, the interior will be of a 
lower temper than the exterior, and consequently the article 
will be backed up with an interior of greater resilience than 
the exterior. Hardness is the direct result of quenching, 
which should bo carefully done, so as to prevent as much as 
possible, warping and cracking ; rectifying any deviation from 
the straight being possible by careful insertion in the cooling 
medium. Water should be kept clean, and it may be heated 
to about 100° F., 38° C, with a diminishing risk to cracking. 
Dip straight articles vertically, and here two opposite influ- 
ences occur, for if the article is allowed to remain still, the 
Spheroidal state follows — if the author may so put it — and 
consequently the plate is not so hard, whereas if moved 
about there is an unequal hardening produced, that portion 
leading being the hardest ; hence, it has beeu found most 
beneficial to inject a full stream of water upon the article in 
specially constructed tanks. Undoubtedly, water that 
been used for a considerable period has a superiority 
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hardening, which may be chiefly attributed to the fact that 
with use the dissolved air has been expelled. The ultimate 
hardness depends, first, upon the amount of combined or 
hardening carbon which may be taken as a true alloy of 
iron, and as the content of this is higher or lower — tenths 
per cent. — so is the degree of susceptibility to hardness ; 
secondly, upon the difference between the temperature of 
the article and the cooling medium, and also the conductivity 
of this medium. The existence of the carbon in different 
forms is a much discussed point, for by the action of Sol- 
ents more than one modification is discovered, two of winch 
only it is proposed to deal with, as sufficient for our purpose. 
The effect of annealing appears to be the reduction of the 
combined carbon, Section II., Part II. p. 78 — a separation 
out in the interior, and a partial disappearance upon the 
exterior. Sudden cooling acts exactly opposite, retaining it 
s combined form. Compression appears to bear an 
important influence, for as the content of carbon increases, 
the elastic limit is also correspondingly increased, and there- 
fore a more powerful and rigid compression takes place ; 
that is, the outer layers, by virtue of their elastic limit, refuse 
to surrender to the resistance to compression offered by the 
inner layers, and therefore the greater the differences 
between the temperature of the article and the cooling 
medium, the more serious is the trial to the elastic limit; 
and consequently, in steels whose chemical composition has 
raised the elastic limit to be their ultimate strength, it is only 
natural to expect serious loss by cracking. Finally, hardness 
and brittleness go together, according to chemical composi- 
tion, and tempering restores to a certain extent the elasticity, 
without destroying to a serious degree tbe hardness. The 
hardening is generally confined to the immediate vicinity of 
the edge, and as the heat travels forward the well-known 
colours devel"" indicating certain temperatures, and as the 
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desired colour appears, its progress is finally stopped by total 
quenching. Although this colour may indicate quite 
definitely the temperature of the material in hand, it cannot 
possibly indicate the exact temper, because this depends 
upon the chemical composition, which condition must be 
known to the operator, or experience gained upon this 
point. The foregoing has been stated upon the assump- 
tion that hardening upon sudden cooling is due to a change 
or difference in the condition of the carbon, but the most 
recent theories propounded are, that hardening is due to an 
allotropic change in the condition of the iron itself — in fact, 
that iron is a polyniorphua element like sulphur; but 
whether this phenomena is due to chemical reaction or 
allotropic changes, or both, it is not for the author to discuss 
in the present work. 

Case-hardening is a short period cementation process, 
the theory of which is well known and unnecessary for 
dismission hove, the benefit being a steely surface with a soft 
tenacious backing. It is produced by packing the articles to 
be hardened in an air-tight box with animal carbon and 
cyanogen compounds, then gradually raising the temperature 
and maintaining it at a red heat until the required depth 
and degree of hardness is obtained The crank-pins, and 
the end of the coupling-rods that require to be case-hardened, 
generally receive about twelve and eighteen hours' heating 
respectively ; the motion and pins seldom require more than 
twelve hours, and in certain classes of steel for milling 
cutters about four to six hours, the cutters being quenched in 
oil. A small test sample is placed in each box, about £ inch 
diameter and 5 inches long, and each sample is registered, to- 
gether with the articles case-hardened in the same box, which 
is heated in a small Siemens or other suitable furnace. Soda 
and lime or other alkiline substances assist the process, which 
in works other than locomotive, especially in relation to 
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cotton machinery, is a large undertaking in itself, as much as 
6 tons of bone alone being used in one week. A rapid pro- 
duction of this hardness may be obtained, but only to a slight 
degree in depth, by rubbing the heated surface with prussiate 
of potash and quenching. Annealing has been thoroughly 
dealt with in relation to steel castings, page 72, and toughen- 
ing bears a direct relationship to annealing ; but toughening 
by water quenching has been made the special study of a 
material with a high percentage content of manganese by 
Mr. K, A. Hadfield, of Sheffield. 
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SECTIOK IV. 

COPPERSMITHS' WORK. 

The solid drawn seamless tube has entirely dispensed with 
the old brazed seam for locomotive steam pipes. They 
range from J inch to 7 inches or 8 inches external diameter, 
and arc a great advance towards the perfect steam pipe, but, 
owing to the almost universal interest in the brazed seam, 
it will not be omitted from this section. The seamless tube 
must be of uniform circumferential thickness and perfectly 
round. A piece 30 inches long, annealed, and then filled 
with resin, must withstand bending until extremities 
meet without showing defects ; but if the sample is not 
annealed it must sustain a deflection of 3 inches when 
placed upon supports 20 inches apart and loaded in the 
centre, without showing local contraction, cracks or other 
defects. The circumferential strength in tension of a hard 
drawn seamless tube may be taken at about 30 per cent, 
above that of a carefully made one witli a brazed seam, and, 
even after annealing, this tenacity is only reduced by about 
15 per cent., which is due no doubt to the extra mechanical 
work imparted to the material by drawing. Boiler tubes 
successfully withstand an internal pressure of 800 lbs. per 
square inch, and an external of 250 lbs. per square inch, 
without leakage, heing lj' inch external diameter, and having 
a cross-section of about * 52 square inch. 

Owing to the fact that eopper rapidly loses its tenacity 
at high temperatures, and that the range between a brazing 
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heat and that when it becomes red-short, or rotten, is narrow, 
it follows that the value of a pipe with brazed seam is in 
ra.tio to the skill of the workman, and perhaps no operation 
depends so much upon the operator. If this brittle heat 
should he produced to only a small amount, then any degree 
of internal stress would produce cracks of various grades of 
importance, most likely not sufficiently developed to be 
detected by the hydraulic test, but which would grow by 
wear and tear, vibration, repeated expansion and contraction, 
until finally, if not discovered in time, the pipe would burst. 
The next matter of importance is the scarfing, the length of 
which depends upon the size and thickness of the plates. 
In any case both the edges should be bevelled, which, if of 
medium length, will always make the best joint, because 
long bevels have a greater tendency to burn. The machine 
planed scarf makes the most perfect joint, although the 
paening hammer is responsible for most jobs. It is im- 
portant to bring both scarfs together so that no gutter is 
formed; and also it is imperative to bevel both edges, 
although many pipes may have been made with the inside 
edge left square, in which case the tendency is for the sharp 
square edge to cut into the material overlapping it, and 
increase the liability to rend. For brazing a good clear fire 
is required, and if there has been any tinning going on 
before, the operator is careful to remove all traces of that 
metal from the fire and its precincts, for should he have the 
misfortune to get a little scrap of tin on to the joint, it will 
percolate its way through the copper, or combine with the 
spelter, burrowing, "rat-like," and spoiling the job. This 
can be easily demonstrated by placing a small bead of tin 
npon a thin eopper plate over a fire, when it will rapidly eat 
its way through — a fact readily explained, and realised after 
a perusal of Part III. of Section IL, "The Brass Foundry," 
page 96; and needless to state that iu a locomotive shop 
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wliere the work is well regulated it is a moat rare occurence. 
Clean metallic surfaces are in dispensable, because solder 
spelter will not adhere to anything dirty or greasy, but with 
tinned surfaces no particular care is needed, as the solder 
will adhere readily and quickly. There are many hard 
solders in use adapted for special jobs, either copper, iron, or 
steel ; that for the latter may, of course, be stronger than for 
the former, but in any case it should be tough and fusible, a 
lower melting point than the materials brazed being of a 
necessity, for then risks of burning the scarfs are reduced to 
a minimum. Borax is generally the fluxing agent used, 
then, if all due precautions have been observed, the brazed 
seam of a copper pipe is as strong as the rest of the 
material ; but the extension measured on given lengths will 
be, even in the best cases, 50 per cent, less than that upon 
the rest of the material, excluding the seam. This extension 
and contraction of area takes place upon each side of the 
scam, leaving it almost perfectly at its original area, 
breaking in the best joints parallel to the seam, in a straight 
line at the junction of the bevel with the original thickness, 
but in the inferior joints the rend is very jagged, and it is to 
be generally observed that this jagged rend is due to either 
hollow places where the solder has not penetrated, or where 
either dirt or (lux has been entrapped, and therefore for these 
reasons 15 per cent, should be allowed for reduction of 
tenacity. This of course, relates to copper, it being needless 
to take this point into consideration in brazing mild steel 
sheets, as no pressure is required behind them. If that 
were necessary, welding would enter into the question. 

The internal pipes consist of solid drawn tubes J inch to 
2|j- inches diameter, and of Nos. 10 and 11 I.W.G. for the 
injector and ejector steam, exhaust and delivery, and the 
blower or jet pipes. A set is put in the ejector exhaust 
pipe, to escape the washout cooks on the side of the fire-box. 
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le injector and ejector steam pipes obtain their steam from 
the top of the dome, by the aid of 'a brass elbow instead of 
a bend. The injector delivery pipe conveys the water to an 
extreme distance from the greatest concentration of heat 
and sufficiently far from the dome, thereby minimising a 
tendency for the presence of watery vapour in the steam. 
The blower or jet pipes receive their steam from the safety 
valve seating, and deliver into the chimney. The work done 
on these pipes is comparatively little, and that 
to wire templates, which are made to a full-8 
drawing produced upon the copper-shop drawing 
board, this also being the method of working for 
all bending or seta on pipes, whatever their size. 
They are softened in the locality of the work, and 
bent by hand, with a bending fork, clip and bar, 
through an eye lined with lead, fixed to a stump. 
In most eases, after having been, softened for 
bending, they are stiffened up again. The ex- 
ternal pipes for the sand gear, injector, brake, 
or water-pick-up are treated in a similar manner 
to template ; but straight pipes are simply cut to 
length, and their couplings brazed on ready for 
the engine. Tins internal main steam pipe, Fig. 273, 
is a straight piece 4 feet 9 inches by 5 inches by 
7 I.W.G., to which the cone is bored a good fit 
and fixed to one end, then brazed in an upright 
position in the pot fire. The cone itself, Fig. 274, is covered 
upon the outside and part up inside with a mixture of fire- 
clay and plumbago, a hollow recess being formed at the top, 
which is charged with solder and then flushed ; after which it 
is dressed and bolted up in its place in the boiler, the flange, 
Fig. 274, fitted on at the tube plate, then brazed and tested 
ready for final fixing. The smoke-box steam pipe, Fig. 275, 
is also 5 inches by 7 I.W.G., softened, filled with resin, lead 
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being used in urgent and light jobs, then bent to templates in 
a suitable hydraulic press, round a mandril of the required 




radius. Holes are then drilled in for the lubricator pipe, tha 
saddle of which is well bedded on by fitting, cramped by a piece 
of steel wire binding, or the hole in the pipe is tapped, and 
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then the saddle is held by a set screw, when precautions must 
be taken not to allow the apelter to strike the threads. After 
the saddle and flanges have been brazed, the pipe is then 
fitted up in the model of the standard smoke-box, which is 
kept in the copper shop, so that when the pipe goes to the 
erecting shop it is at once fixed in its place. 

All pipes are carefully tested to 200 lbs. per square inch 
for locomotive work ; but for lower pressures double the 
working pressure is the usual test. The brazed joints, 
flanges, or cones are hammered slightly whilst under 
pressure, which facilitates the discovery of any flaw or 
discrepancy. 

The flanges are made stout and bored parallel, slightly 
countersunk at one side to give the spelter a good chance to 
strike or flush in, thus giving a good bearing for the pipe. 
In order to save trouble and expense of flanges, sometimes 
the socket joint is used, the only example of which to be 
found in locomotive work is when that portion of the pipe 
just above the flange, on the steam chest end of Fig. 275, 
has worn thin, then it is removed and a new piece put on 
by aid of this joint; or it may be some lubricating pipes 
are jointed up this way. It is a good joint, but should not 
form a portion of a bend, or even be in the immediate 
neighbourhood, and great attention should be bestowed 
upon the solder flushing to the bottom of the socket. Cases 
are known in which copper or other wire is wound round 
the pipe, or hoops placed at given distances or wound at a 
given pitch, to minimise the risk of bursting and — in the 
event of such occurring — to prevent as far as possible the 
extension of the rent, this being more especially applicable 
to the pipe with a brazed seam. 

The principal accessory operation in this department is 
the preparation of the dome and safety valve seating covers, 
also the mouldings for the fire-box. and smoke-box corners, 
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all of wliich are made from the best mild steel sheets, 14 
I.W.G. thick.' In some cases the dome covers are made in 
two pieces, blocked and brazed, but necessitating the use of 
a heavier material. In another, the one about to be 
described, they are made in three portions, the following 
.sketches representing the progress of their formation, tem- 
plates being first made, all sheets marked out by their aid 
and sheared to shape. 




The two portions A and B, forming the body and top, 
are then tliinned upon their edges, which form the joint or 
seam, with a paening hammer on an anvil, and afterwards an- 
nealed. These two are then passed through the rolls, which 
brings the paened edges or scarfs together, which are then 
" cramped " or dovetailed, each being about § inch by about 
| inch wide, and then brazed, the spelter for this job being 
fusible and tough. The formation is then C and D. 
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The body is then worked in at E by two or three courses 
at the pneumatic hammer and the top of the foot cut as 
indicated by the dotted line F. The foot is then worked out 
at the pueumatic hammer by gradual courses to templates 
and radius plate G. The top D and the crowu are thou 
formed in a hollowing block, which draws in the extreme 
corners, then thinned on a suitable stake, afterwards cramped 
and brazed. The whole is then planished to template where 
required by hand hammers on suitable stakes or dolleys, 
ready for the erector. 

The production of the safety-valve covers is a repetition 
of similar operations, the following sketches clearly indi- 
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eating the progress, step by step, of the work, the final 
operation to this job being to cut out the clearance space for 
the valve pillars. The body is formed by one rectangular 
piece, 5 feet 5£ inches long by 10 inches deep, and the top 
1 foot C^ inches diameter. E, body thinned, cramped and 
brazed; F, body worked in at top for about 1J inch by 
pneumatic hammer ; 0, body with the top brazed on, dotted 
line showing removal of the top of foot ; H, final, using 
radius plate as for dome, by gradual courses at the pneumatic 
hammer. 

The corner moulding for the fire-box is cut to the template 
aud then brought to shape by baud hammering in a suitable 




event of their absence, for whatever reason, the followiog 
would be the best and cheapest method of production : — A 
sheet should be selected broad enough to form two pairs, 
rolled and brazed to form 
a ring. It is then taken 
to the pneumatic hammer 
and a course worked out 
i in Fig. M, then an- 
i nealed, and afterwards a 
j second course worked up 
—Fig. N. It is 
annealed, and roughed out at the pneumatic hammer to Fig. P, 
after which it is placed on a suitable stake and finished by 
hand planishing to the exact radii, Fig. B, cut round the 
middle, and the two pairs are ready for fitting in their places. 



SECTION V. 

THE MACHINE SHOP. 

Machine shop economy is summed up by developing every 
machine to its utmost efficiency, and obtaining the maximum 
output from each, consistent with the requirements and 
nature of the work, which can only be achieved by a good 
system of tool work. A fenced portion of the shop should 
be devoted to the manufacture and storing of tools for the 
whole of the shop requirements, discriminating between 
poverty and excess, and discountenancing all waste. An 
attendant should be appointed to supply the wants of the 
men, who come provided with the necessary check from the 
foreman, with the various stores in his charge, all of which 
are booked to the recipient and again when returned, ex- 
planation having been rendered to the foreman for any 
detrimental effect the tool may have sustained, which is 
intimated by another check to the storekeeper. Taps, stocks, 
dies, templates, gauges, twist drills, mandrils, milling cut- 
ters, &c, are all dealt with in this manner, suitable headings 
being fixed in a book for the purpose, together with spaces 
for the workman's name, number, dates, and remarks as to 
condition. 

What is a shop without system and organisation but 
simply chaos ? whereas with them everything is reduced to 
order, every man knows what to do, when and where to do 
it System does not require any more workmen, but it 
reduces the work of existing hands, and everything is done 
well, because each is individually responsible for the par- 
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tieular operations in his care ; but, at the same time, this 
responsibility is reduced to a minimum, because every 
individual knows the system, and that it will be rigidly 
carried out. In fact, it is impossible to grapple with large 
concerns without it, and even small ones are, or soon would 
be, utter failures. It also insures that nothing is interrupted, 
not only in one shop, but every portion of the works, by the 
absence, for whatever reason, of foreman, man or apprentice ; 
also every machine is fixed to plan, so that heavy or light 
work can be carried on most expeditiously, and suitable 
crane power or lifting tackle is found exactly where it is 
required. 

The beneficial effect of accuracy in tool work is well and 
easily illustrated by a twist drill. The circumferential speed 
for \ inch to | inch diameter is 20 to 30 feet per minute on 
mild steel, and a good feed is about T £ - inch for each revolu- 
tion, that is hahf that amount per lip for each revolution ; 
consequently if the drill is ground with uneven lips, the 
whole cut comes upon one edge, and therefore shortly it is 
damaged, and the driller reduces the feed of downward 
traverse until this one edge cuts well, which is apparently, 
to one-half the feed ; and therefore even to drill at the 
smallest cost, absolute accuracy is required, concentric and 
true throughout Each edge must be of equal length for 
obvious reasons, and have the same angle with the centre of 
the drill. Grinding lines are now dispensed with, owing to 
the use of mechanical grinders. The angle of clearance must 
be studied with a view to avoid rubbing and digging ; and a 
test — the only one that the author is aware of — for the accu- 
rate grinding of a twist drill, is that it shall refuse to pass 
through the hole it has drilled by virtue of its own weight. 
The speed for twist drills may be taken at about 25 feet per 
minute, the feed being at the rate of 100 to 120 revolutions 
per inch of downward traverse, and say, 100 to 120 ^ inch 
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boles 3 inches deep may be drilled through wrought iron or 
mild steel ; hut taking the whole shop through, only half this 
quantity may be reckoned upon before the drill requires to be 
re-groond. Rose bits are not entirely dispensed with, as it 
is found useful to keep a few for the pin holes in the motion. 
Two very important points respecting all tools are the cutting 
id clearance angles ; but much has been written elsewhere 
fact, whole books of no mean dimensions — upon this 
question, including all tools with one or more cutting- 
edges. It may be stated that in all ordinary lathe work 
deep cuts and, coarse feeds are first principles, one roughing 
and one finishing, bringing down the speed to suit the cut, 
rather than suit the cut to the speed, for then the greatest 
amount of work will be done in a given time ; that is, let it 
be a maximum of feed rather than speed, and have the 
Stashing a good sliding cut of greater feed than the roughing. 
The old reffiine is well described in ' Extracts from Clio ratal's 
as " the wiry, rough tapering and changing surface 
ic fine feed is the standard for rough work, and these 
ts corrected by the file are the standard for the nicer 
work." 

Any lengthy dissertation upon screw-cutting, gaps or 
stays in lathe work, does not come within the limits of this 
section, in fact it is not required ; and the same remarks 
relating to the cutting edges are equally applicable. It i8 
impossible to go through and illustrate everything in the 
machine shop, because of multiplicity, time and space, also 
it is quite unnecessary. Generally, descriptions of machines 
that do the work will bo conspicuous only by their absence, 
because we are dealing with methods and suitable illustra- 
tions of advancing work most expeditiously, at a minimum 
cost, on those machines well known to all constant readers of 
The En'jiiiecr, and its well illustrated advertisements. 

Milling machines now take pre-eminence of all tools in 
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any shop, and tlie raisun d'etre for the efficiency and econon 
of the milling cutter is now so well understood, that 
would he utter waste of time on the part of the author an 
of his readers to enter into a lengthy argument upon tha 
point. Too much cannot he said, and it is almost imposaib 
to push the utility of the universal machine too far, and t 
adaptation of special machines during the past ten years ha 
heen quite phenomenal. One of the first essentials is to we 
man the machines, and then keep the cutters in order-, fo 
success depends entirely upon the facility for production of, am 
re-grinding the cutters, it heing an absurdity to use a eutte 
beyond its profitable period of service. A 3-inch cn1 
will do probably, on an average, from sixteen to eigb.1 
hours' work before re-grinding, which only then takes 



few minutes, because, i: 



most c 



;, not more than yjjj-inc] 



removed will restore the cutting edge, providing the cutte 
has been fairly used; but a 10-inch cutter may run quit 
100 hours, the cost for re-grinding in each case not exceedinj 
sixpence. It is also an axiom that a repetition of work is j 
necessity ; consequently special machines are designed wit 
the cutter spindles placed in various positions to suit tha 
work. Also the emery grinder has reduced the cost of tl 
production of cutters to a reasonable and justifiable limit. 

For general work the plain cylindrical cutter is the mos 
effective and least expensive. As compared with a facin 
cutter, thero are teeth upon the periphery only ; conse- 
quently it is less costly to make and keep in repair, als< 
there are not any corners to chip or burr up by excessi\ 
stress of work, and facing cutters for gauge work are useles 
after re-grinding unless the patent adjustable split cutters 
used. The ratio of the cost of labour brought to bear u] 
the material in producing a first-rate tool, does not i 
cases admit of a comparison with cost of . material ; com 
quently notldng but the best quality should be emplo; 
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■which is frequeDtly obtained only by experimental data upon 
the work to be done. Experimental attention upon this 
point and also upon suitable angles for the teeth, both 
cutting and clearance, is bound to repay the operator to an 
almost unlimited extent. It appears that up to the present 
no acknowledged rule has been adopted regarding the pitch 
of teeth, which now simply rests upon the individual experi- 
ence of the manager. For all practical purposes, whether for 
periphery or face, a pitch of about f inch or i inch will give 
satisfactory results with angles cut to 45° and 12°, but re-cut 
to 40° and 12°, with an angle of clearance or relief of about 
3° to 5°, varying for different materials, and this angle may 
be taken about the same as that for a turning or other 
machine tool. The angle of relief is maintained when re- 
grinding, by placing the centre of the emery wheel either a 
little below the centre of the cutter if upon one side, or a 
little to the left of the centre line if the emery wheel is placed 
above the cutter. A spiral groove or thread of about |-inch 
or |-inch pitch, forming what is generally called a "lob" 
cutter, will enable it to do rougher work by relieving the 
teeth of the shavings in detachments ; but a continuous tooth 
is preferable for finishing, the angularity of the spiral of 
which ranges from 1 in 30 to 1 in 60 inches, the finer pitch 
being the easiest upon the machine, its cut being more con- 
tinuous and less intermittent, so that each tooth does its 
work gradually, and consequently there is less wear and tear 
upon the machine. The direction of the spiral is arranged 
either right or left hand, to force the work upon the table 
and the spindle against its V-iiring, the direction of rotation 
deciding this point. It is beneficial to use cutters with the 
least possible diameter consistent with the work they have 
to perform, because, naturally, they are less expensive to 
manufacture and maintain, also heavier cuts can be worked 
with less strain upon tha machine, owing to the smaller 



vn 



<riN"sTi:i.-rnu.\' o[.' Tin: mohhkn um'-ojiotivk. 



leverage due to less radius. Again, as shank cutters 
"chambered" ones are frequently interchangeable with t' 
or more machines of their kind, in order to get staix 
spindles, it is possible to get a set of cutters on a machine 
for which they have not been designed ; and to use an extreme 
example, supposing a large diameter cutter gets into 
machine where the speed of feed is only designed for 
smaller diameter, that large cutter is handicapped, bocai 
having more teeth it should take more feed, but 
because the machine will not admit, and therefore a 
effective cutter becomes defective. 

It is a small point, but nevertheless an important one, tc 
bestow care upon the roots of the teeth, key ways, and al 
corners, in order that they have a good radius, for it 
well-known fact that square corners will go in hardenin 
Mild steel sections, with ordinary wear and tear, are 
permitted to have square corners. 

Granted a true spindle, then it is unnecessary to have 
bearing for the full length of the shank of the cutter, 
a portion of its length should be backed or hollowed on 
the cones top and bottom only being a good fit. For lar$ 
horizontal cutters, placed two or more upon one spindle, th 
cones are dispensed with, parallel bearings being used, 
chambering is always resorted to, as the ends only are re- 
quired to be a good fit, and it is a difficult matter to lap the 
middle out to a standard without enlarging the ends. This 
recess should be as little as possible, gj 2 inch hi diamotei 
being quite sufficient. 

It is needless to make comparison between milling and 
other machine tools, or to discuss the detrimental effects ol 
cutters being untrue, blunt, or many of the other defects 
which may present themselves to the practical mind. It is 
also difficult to estimate anil compare the cost of work done 
by milling with that of other machines, because sometimes 
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the milling machine embodies the work of various others. 
Radii, both inside and out, are formed by the cutter, &c, but 
where it replaces slotting or planing only, its superiority is at 
once recognised. 

The machine itself must be of sufficient power in every 
respect to overcome a maximum exertion, and also perfectly 
rigid. In fact, too much cannot be said for rigidity. Let any 
part of the machine be defective, and it will rebound upon the 
work done. Some examples are, insufficient support of the 
spindles, or the table upon which the work is cramped 
only bearing upon one-half of one of the slides. This 
table should be so constructed that the work to be done 
never overhangs the bearing slides of the table whilst under 
operation of the cutter, as the author has observed it to do in 
some machines. Any improvement in driving gear to pro- 
duce steadiness is at once adopted, and a worm-driven 
cutter would be an approach to perfection. The speed and 
feed should also admit of easy regulation for the cutters of 
various diameters. The feed should be adjusted in such a 
manner that it may be easily altered if necessary without 
stopping, otherwise the surface will be injured. This is done 
mostly by the aid of cone pulleys, having three steps, which 
represent, say, J inch, 1 inch, and 1J inch feed per minute, 
which does not perhaps achieve the above regulation. There 
are also various other designs which perhaps approach more 
perfectly the change of feed during operation, effected gener- 
ally by a frietional agency, some having an index showing the 
number of revolutions of the cutter per inch of feed. Trans- 
verse cuts are also maintained by feed gear, but irregular 
profiles are produced by the use of a cone, kept by the aid of 
weights against a former. The cone is necessary, because any 
alteration in the depth of cut can then be obtained by an 
adjustment of the cone either up or down. Finally, a good 
lubricant, copiously applied to the cutter, is a necessity. 
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The wouk done by a cutter is affected by the number 
teeth, speed, and feed. The feed being directly proportion 
to the number of teeth, then, if the moat economical speed 
determined, the quantity of material removed depends upo 
the number of teeth in the cutter, the latter being dt 
with all due regard to easy production ami ire-grinding, th 
former taking into conside ration primarily the stability of th 
machine, also the material being operated upon, its skii 
finish, cubical contents removed, class of cutter, and. an 
other factor that may present itself to the operator. Th 
following table gives the speed and feed for various operatioi 
upon different materials. 

The speed for cast iron appears to be open to the greates 
amount of contention, and the author gives 45 feet per minut 
as that from personal experience works most satisfactorily 
although from 10 to 80 feet per minute have been recordei 
The difhcidty lies in the fact that a lubricant cannot be use 
in the ordinary way, because of choking the pumps ; cons 
quently, with high speed, the temper of the cutter is aoo 
destroyed, which is not econoinical. 

Although the feed may be sometimes even more than tbi 
given above, the rate seldom exceeds ^ inch per revolutio 
and frequently only one-half of that ; and where gauge wo 
is done, more than the proverbial roughing and finishing cu 
are necessary. 

The emery discs for grinding milling cutters are aboi 
4 inches diameter and | inch wide, and run from 4000 
G000 feet, circumferential speed, per minute. It follows fro 
this speed that any inaccuracy due to eccentricity, uneve 
balance, or an untrue spindle, is immensely intensified ; co 
sequeutly, these points must be attended to. Also the be 
should he even and true ; but above all, keep the wheels froi 
glazing and free from moisture. Let them cut freely, othei 
wise they will soon blue-burr ; finally, let the finishinj 
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be fine, and then the last tooth will be of the same radius 
as the first. The machines themselves are of various designs 
and generally supplied by the makers of milling machines. 
They are adapted to suit a range of cutters, having tables 
with moveable headstoeks which take different lengths. The 
tables are arranged to move upon slides, either longitudinally 
or transversely, by hand or gear. The wheel is generally upon 
another headstock, which is capable of taking various angles. 
It is generally a fixture as far as traverse is concerned, and 
the cutter is brought to it. If it is necessary to use water on 
fine light work, the speed of the wheel should be reduced. 

Although so much has been said about hardening as an 
accessory operation in the smithy, the importance of this 
point upon the milling cutter is so great, that no hesitation 
or explanation is necessary for these few remarks, and 
here again experimental data is of great assistance. The 
lowest temperature at which the steel will harden should be 
obtained, and then that limit never exceeded. Evenness of 
temperature, a soaking heat and freedom from oxidation, are 
points for attention, and rectangular chambers about 2 feet 
square have been used, heated by coke. The object to be 
hardened generally rested upon a thin plate and was heated 
by radiation, but now, ordinary lighting gas has received 
much attention for heating purposes, and many successful 
furnaces are upon the market. The oven furnace, introduced 
by the American Gas Furnace Company, fulfils admirably the 
points just enumerated, as the heating chamber is free from an 
oxidising flame. This apparatus is divided into two chambers 
by a firebrick slab, the lower one being the combustion 
chamber, and the upper one is for heating, already referred 
to, the heat being forced into the latter by passing around the 
sides of the slab, tlirough a narrow interval or slot between 
the side walls and the edge of the slab. Lead baths, got to a 
red heat, have also been used with good results. Here oxida- 
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tion is impossible, as the atmosphere is excluded, and this 
arrangement also gives the teeth a chance of obtaining the 
necessary temperature before the interior, resulting in a soft 
tenacious backing. For thin grooving and angle cutters, 
washers have been put on the body to obtain a similar result, 
this also being applicable in many instances. 

The following are a few operations that can be done by 
milling, which perhaps do not adequately represent what 
the author would wish to convey, but will tend to show, and 
perhaps suggest to some, the extent to which milling may be 
applied as far as locomotive or any other work is concerned. 

After the coupling and connecting rods, Figs. 227 and 
229, p. 134, have been marked out, they are placed two at 
once upon the machine table for milling. This is performed 
by two cylindrical cutters, each 10 inches diameter and 
11 inches long, on a 5-inch spindle attached to the cross 
slide, and supported by tliree brackets. Each rod is fixed 
at its ends by aid of a jacket, which is simply a box, 
attached for the occasion to the machine table. These 
boxes have adjusting screws through their ends and sides, 
so that the rods can be set to their centre lines by aid of 
the Burface gauge in the first instance, but of course after 
one side has been milled it acts as a foundation for the 
opposite. These are parallel cuts and simple radii, which 
are formed by the horizontal traverse of the table and the 
radius of the cutter, but for irregular profiles advantage 
is taken of a former made to the exact dimensions required, 
fixed upon a stand at a convenient distance from the actual 
work, bearing against which is a cone, which is kept there 
by suitable weights, so that the cutter is able to take 
longitudinal and transverse feeds without impediment by 
fixings. This method is illustrated by Fig. 276, which 
shows the profiling arrangements for the joint end of the 
coupling rods. In the fixing of this, advantage is taken of the 
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holes for the crank pins, which have been bored out, so that 
by fixing standard mandrils in the T slots of the table, these 




roda are very expeditiously set ; moreover, there is no encum- 
brance whatever to impede the progress of the feed when 
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i started. Fig. 277 is a aide elevation and plan of the 
former and its stand. After these operations have been accom- 
plished, the bolt and oil syphon holes are drilled and riinered 
out, which finishes the machine work. Nothing now remains 
hut to finish on the fitting bench, by coupling up the 1 




and straps to the connecting rods and forcing in the bushes 
of the coupling rods, then all is ready for the erecting shop. 
The valve rods and anchor links. Figs. 233-35, p. 140, 
are first milled upon each side of the boss, and then the 
pin holes drilled two at once by the aid of a jacket, with 
case-hardened bushes and a twist drill. Afterwards they 
are put on a 2-inch mandril in the centre of the table of a 
vertical milling machine and worked round the bosses. 
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Then they are placed upon the table of a small profiling 
machine, and milled upon the flats by the aid of a jacket, 
which is secured to the table and made specially for this 
work; it is of sufficient depth and width to receive the 
ends of two links — Fig. 278 clearly showing this. They are 
then dropped upon a pin fixed in the same table at each end, 
and secured with nut and washer and milled round the edges, 
cutters being used which leave all fillets and radii alike. 

The stirrup link, 
Figs. 237-239, p. 142 
for the Joy motion, after 
being marked out ia 
placed upon a vertical 
milling machine, and the 
outside faces milled up 
by parallel traverse oJ 
the table, then the pin 
holes are drilled anc 
again dropped upon the 
milling table, and the 
profile edges gone over 
This, as well as the swing links and all other work with 
sides not parallel but straight tapers, is set so that one 
side is made parallel with the cutter or the traverse o 
the table, milled, and then the other side done. After 
each side has been machined, it is put on to the table o 
a vertical cutter having circumferential movement, which 
mills the circular ends or round corners. The only 
rough portion remaining is between the forks, and tins 
is machined by using the .jacket shown in plan and eleva- 
tion, Fig. 279, and section through AB, Fig. 280, which 
is held to the table by aid of the T slots, and the cutter 
passes to its work after a very rapid fixing. Finally. 
Fig. 281 (refer also p. 159, Fig. 253) shows, perhaps as 
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well as any previous illustration, the ease with which a 
difficult job for a slotting or shaping machine is done. 
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Now that milling as a class 
of work has been dispensed with, 
may be advantageous to 
follow the rest of the machine 
shop practice in a more or less 
precise order, such as frames and 
wheels and axles, 

jylinders and motion, &c. Fig* 
! shows the frame plate as it 

■ received from the mill floor, 
also as it leaves the slotting 
maeliine, the centre lines of 
buffer, cylinders, axles, and the 
drilled clearance holes for the 
slotting tool. All frames are first 
put on to the levelling table, tried 
over, marked and straightened 
by the aid of two hydraulic jacks, 
which are attached separately on 
carriages, or conjointly on one 
carriage, having longitudinal 
movement, the jack itself being 
capable of traversing transversely. 
Dealing with frames, it has been 
found preferable to dispense with 
the thin template, as it is ho 

iable to get out of truth by 
constant U9e, such as buckling, 
no matter how well it is braced 
with angle irons, which are 
always more or less in the way, 
and the means adopted in its 
place ia to mark out one frame, 
winch is a two hours' job, and 
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[ in a somewhat similar manner to that described 
i boiler shop practice, p. 7. This serves as a jacket 
j and marking out, until the last batch is finished, 
are slotted at a three-head slotting machine, four 
pairs — or eight frames — at once, each head haying a drilling 
arrangement for a slotting tool clearance, the plates being 
first roughed out by the three parting tools, which are $ inch 
or 1 inch wide at the point, leaving J inch for finishing. 
All bolts and cramps are slackened previously to finishing, 
to allow the elimination of any spring or buckle that may 
be held by internal strain, and released by the removal 
of the roughing-out pieces. They are then finished, twelve 
strokes per minute, and ^-inch feed pet stroke, after 
which they are removed to the drilling machine, which 
really consists of two radial arms, 18 feet 4 inches apart, 
the table for each being a carriage or trolley on an 18-inch 
gauge capable of free traverse, which enables the driller 
to give the frames longitudinal movement as the work 
proceeds, the whole process being exactly similar to that 
adopted for the barrel plates in the boiler shop, and pre- 
viously referred to. Some frames require a set inwards at 
the smoke-box end, for radial-wheel clearance, and this is 
done on the straightening table by the aforementioned 
hydraulic jacks. The cross stay, motion plate, and the foot 
or drag plate are first machined on an ending or double- 
headed rotary facing machine, which will face up anything 
that goes between the frames of an engine. A little margin 
is allowed for adjustment of each head, which are 2 feet 
in diameter, there being twenty tools fixed in each disc, by 
wedge bolts. The machine is speeded to 25 feet per minute, 
and 1-inch feed for steel castings, increased to 1J inch 
for iron castings. All the necessary holes for bolting or 
riveting to the frames, slide-bar brackets, anchor links, &c, 
are drilled and bored by the aid of jackets, to standard, and 
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the steel castings are seat to the griiider to be sealed. The 
foot or drag plate has the bearing for the tender-buffer rub- 
bing blocks machined by an end milling or faeing cutter. 
These blocks are case-hardened mild steel plates, 1^ inch 
tliick. It is then planed for the various brackets, for holding 
such as the brake-shaft carriers, &c, everything being finished 
to template size. Illustrations of these castings are given on 
p. 60, Figs. 66-68, p. 88, Figs. 87 and 103. 

The hornblocks, see Fig. 98, p. 90, are first planed for 
the frame seating to tern 
plate, a quantity at once, at 
21 feet per minute, and 
then sent to a vertical 
millin g machine for ma- 
chining the axle-box seating, 
and the space for the ad- 
justing wedge. This is 
accomplished by placing 
the casting planed 
downwards upon a jacket, 
which at once fixes it, and 
then passing a cylindrical 
cutter over each side, which 
covers the whole surface. Afterwards this is removed and 
a facing cutter placed upon the same spindle to cut out 
the groove for the adjusting wedge. It is then slotted at 
the bottom for the keep and also for the wedge bolt hole. 
The holes are then drilled to 1-inch standard, through the 
cast-iron jacket, Fig. 283, which has hardened bushes. It 
then goes to the bench, and the wedge, keep, &c. are all put 
together and sent in sets to the erecting Bhop. 

The axle-boxes, shown in Figs. 157-161, p. 112, are 
made of phosphor bronze. Steel castings are also used, 
case-hardened wrought iron being a tiling of the past. Tl 
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bronze boxes are first put on to the planing machine twenty- 
two at once, in two rows of eleven each, upon parallel strips, 
and secured to the tables by bolting to the T slots, for 
machining to gauge between the jaws for the keeps, the 
cutting operation being performed from the cross slide, and 
the feed vertical. After the keeps have been planed, they 
are dropped in a good fit, and the lj-inch hole opened out 
for the mild steel case-hardened pin which carries the spring 
link. The boxes are again fixed on the planing machine, 
attached to a double angle plate, which is secured to the 
table, and brings them within range of the tool boxes upon 
each upright, besides those on the cross side, thus machining 
one horn seating and one face of twelve boxes, six on each 
side, at one operation, this method being repeated for the 
other seating and side. Afterwards they are taken to the 
bench, and the lids or caps to the oil and tallow boxes fitted 
on. In passing to the erecting shop, they stop at a. handy 
little shaping machine which cute the oil grooves in the 
horn seating (a much neater and quicker job than chipping) ; 
and here it may be mentioned that many oil grooves in 
various seatings, &c, such as slide blocks, are milled in at a 
quick rate by a small circular cutter. The boxes are bored 
six at once in a machine located near the erectors, and dealt 
with in that section. The speed of the table for planing is 
25 feet per minute, and the feed ^ inch for each stroke. 
This speed, compared with that for turning brass, appears 
very low, but it must be remembered that wear and tear, 
which takes place in a high degree upon every reversal 
of the table, would be accelerated by any increment of speed. 
The crank axles, see Figs. 219-222, p. 130, are first put 
in the lathe, square -cent red, cut to length over all, and rough 
turned on the wheel seat and journal, leaving £ inch for 
finishing, and also a square ridge in the fillets A, Fig. 284, 
to assist in the adjustment of the quadrant centre plates. 
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They are then placed on the setting-out table to ascertain 

the error, if any, in the twist, which is never more than 
J inch. Every crank 
| must be tested for 

I ; t, this, and the quad- 

rants accurately set 
accordingly, for the 
finished crank depends 
entirely upon the 
initial adjustment and 
firm fixing of these 
quadrant centres. The 
error itself is dig- 
covered hy setting 
level the horizontal 
sweep, then fixing a 
square up against the 
ridges in the fillets A, 
and marking at the 
top of the vertical 
sweep upon each side, 
which shows the error 
to be the formation 
of more or less than 
the right angle. This 
is then divided be- 
tween the two throws, 
hy canting the hori- 
zontal sweep in the 
required direction, 
which alters slightly 
the position of the 

centre lines, and is finally eliminated by the slotting machine. 

The error is very seldom sufficient to necessitate the return 
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of the crank to the forge for readjustment ; for the twisting 
template is better looked after than to admit of this. The 
quadrant centres are then adjusted by the set screws and 
rigidly keyed up, care being taken that they do not move 
during this operation. Fig. 284 gives the longitudinal 
elevation and Fig. 285 the end elevation of these centres, 
with jack bolt complete. The whole arrangement is then 
placed in the crank sweep milling machine, which, inter 
alia, consists of a disc with about eighty ordinary tools, 
wedged in the periphery, 4 feet 2 inches in diameter, 



Fig 235. 




and having a circular speed of 10 feet per minute. The 
feed can be adjusted so that as a less number of cutters 
are engaged simultaneously, it can be increased, and may 
average 6 inches per hour circumferential speed of feed, 
the centre of the crank pin for the radius ; or in other 
words, the whole space may be removed in from eight 
to ten hours, leaving £ inch for finishing the crank pin. 
This machine lias been described upon more than one 
occasion, and is well known. The crank is then removed 
to the finishing lathe and completed, four tools being used, 
that is, two back and two fruiit slide rests. The webs are 
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then slotted round, there being two tools in separate boxes 
on the same head, each the required distance apart, which 
arrangement necessitates only a 5-inch stroke, twelve per 
minute. It is fixed for slotting by simply dropping into a 
box, Fig. 286, which is fixed and secured to the tables, and 
has a graduated scale which facilitates any required ad- 
justment. The straight axle, Fig. 226, p. 133, is turned 
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accurately to gauges, and the .same speed is employed as for 
the pins and journals of the cranks, viz. 22 feet per minute, 
with a feed of g inch to £ inch per minute. The key 
scatings are milled out at one cut on a specially arranged 
horizontal machine. They then have the wheels pressed on 
at the wheel press, a total of one ton to two tons per square 
inch on a 9-inch ram being employed. This range of 
pressure is not in any way due to inaccuracy of turning 
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or boring, because every axle and wheel seat is turned 
and bored upon every occasion to gauge and template, as 
near as any operator's touch will permit ; but mostly to a 
difference in materials, cast iron of course requiring the 
least, and in steel castings some wheel seats may be harder 
than others, and a little extra resistance in the wheel seat 
makes a large difference on the pressure of the ram. 
Afterwards the wheels are keyed up, the crank pins for the 
outside rods fixed, and the whole sent to the erectors. 

The wheels, Figs. 91, 94, p. 88, after being annealed 
and dressed up, come into the shop with the gits on. They 
are " chucked " by the aid of ordinary dogs to the face plate, 
and this git is removed by a parting tool, which is made 
from bar steel 3 inches deep, § incli wide at the top, and 
i inch at the bottom, jumped up to J inch wide at the 
cutting edge. While thus fixed they are rough turned all 
over, including the wheel seat, " topping " on the tread, and 
also the sides of the balance weight. They are then re- 
annealed, and the wheel seat is bored to the standard size 
and pressed on to the axle. The pair are then turned to 
gauge for the tires, the speed varying from 1G feet to 18 feet 
per minute. Fig. 287 shows an extremely handy chuck for 
wheels of small diameter, say bogie, &c, which is attached 
to the ordinary face plate. The drivers aTe represented at 
A, the bearings for the 8poke3 at B, and adjustment under 
the rim at C, This arrangement admits of the following 
operations being performed during the one setting : boring 
the boss or wheel seat, turning the tread, and facing upon 
each side of the rim. 

The crank pin seatings are then bored out at a quarter- 
centre boring machine, parallel and both at once. This 
machine consists essentially of two headstoeks, fixed upon 
one bed at a suitable distance apart, and in each is the 
gearing for driving the boring bar. The wheels and axle 
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are placet! between the centres, one crank pin seating below 
in a vertical centre line, the other seating will then be either 
leading or trailing. Between the wheels are two other 
standards or frames, for supporting the other end of the 
boring bar in a pedestal ; this for the vertical seating is 




simply arranged fur upward or downward traverse only, 
whereas the opposite can be transferred as required, leading 
or trailing, with a certain range of horizontal traverse, Ihe 
boring bar beiug also capable of similar rearrangement. The 
wheels are now ready for the tires, which have been bored 
and grooved to template at 10 feet to 20 feet per minute. 
These are pat on by expanding, Bunsen jets being the 
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heating medium employed, which is simply a perforated tube 
encircling the tire, and giving to the whole a very uniform 
heat. The |-inch tapping holes are then drilled through 
the rim for the securing bolts by a double-headed drilling 
machine, a smaller hole being drilled into the tire 1£ inch 
deep for the end of the set screw, it being turned down 
accordingly. 

The cylinders — Figs. 53-60, p. 50 — are first placed on 
the setting-out table, centre lines drawn, and the whole 
casting checked over. They are then placed on the planing 
machine, bottom upwards, set to the centre lines, and the 
edge upon each side is planed. The tool is then set to a 
2-inch gauge from this edge, and the drain cock nipples 
planed up, which afterwards act as the foundation for the 
setting for future machine work. The front end is then 
planed to gauge, from the centre of the steam ports to the 
face, also at the same setting the angles for the smoke-box 
tube plate and the door plate are cut, the cylinders being 
fixed at the required angle, or canted, if they are so placed 
between the frames. They are then planed upon each side 
at one operation, for the frame seating, to standard width, 
the same setting being also utilised for machining the port 
face and the smoke-box steam chest cover face. The planing 
operation on each is one good sliding cut, with a tool having 
a large curved point, broad shavings being removed with a, 
good surface finish, at from 18 to 20 feet per minute. The 
next operation is to fix them upon a table, which is on the 
floor level, within a jacket of standard width, which is really 
the frame of a machine carrying four boring bars, pitched out 
exactly to the centre of the piston and valve rods, which 
enables the stuffing-boxes to be bored out at one operation, 
without any setting whatever. The boring mill is arranged 
very similarly, each cylinder being bored si nmltaneou sly at 11 
tt per minute, with -, ] fl inch feed for roughing, and I inch 
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finishing per revolution. They are then ready for the steam 
and exhaust porta, and the bearings for the guide hars to bo 
either slotted or milled to width or thickness. At the 
drilling machine the drain cock holes are the first drilled, 
and then the bolt holes for 
securing to the frames. These 
holes are 1£ inch standard, and 
are drilled through a jacket, 
which ia simply a cast-iron 
plate with standard bushed holes, the whole arrangement 
being set at once by lugs, wliich are cast on to the plate, 
coming flush up against previously machined portions of 
the cylinder, whereas the jacket for the steam chest cover 
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studs has centre lines, which are set to those on the cylinder 
and then cramped. Fig. 288 shows the drilling jacket for 
the holes in the guide bar brackets at the cylinder end. The 
stud holes are drilled, tapped and studded by a lightning 
tapper, at 160 revolutions per minute, with 1| inch 
downward traverse per minute, the steam pipe holes and 
seatings being Iwred out at the same setting. They then 
pass on to the cylinder fitters, all covers are adjusted, 
glands put in, valves and spindles Lried, and all nuts put 
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on, those outside being case-hardened, and those in the 
smoke-box being brass box nuts. 

Each piston head is chucked and the cone bored. It is 
then fixed on a cone mandril, screwed tight up and placed 
between the lathe centres for turning the periphery and ring 
grooves. The rods are turned, also the eones at each end, to 
standard gauges, and then sent to the cotter-hole machine, 




which is a double headed slot drilling machine. The cross- 
heads, Figs. 80, 90, p. 89, are faced up on both sides, and 
bored out for the gudgeon by cramping to the face plate. 
They are then placed in the special chuck, Fig. 289, and 
rough turned, afterwards the stay, Fig. 290, is placed in 
position, and the cone bored and finished. The centre of the 
loose headstoek is brought up to the cone, the stay removed, 
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and the outside is finished. This stay is a useful appendage, 
and can be brought in for numerous jobs, both standard and 
emergencies. It only remains now for the edges of the 
cross -head to be milled. 

The slide bars are planed all over, four at once, set in 
a special bracket attached to the table of the machine, at a 
speed of 18 feet to 20 feet per minute. They then go to a 
small slotting machine for the clearance to be slotted and to 




be cut to length, afterwards the holes are drilled, and then 
finished by glazing. The slide blocks are also planed, a 
quantity at once, the recess for the white metal, and also the 
oil grooves, being milled at a rapid rate. 

The rods and the rest of the motion in the ordinary 
course of events would have followed on here, but these 
were dealt with under milling and its operations, ao that we 
must now pass on to the reversing shaft and radius links, 
and conclude with this class of work, The reversing shaft, 
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s. 95, 97, p. 90, is first set out, then turned up in the 
middle and at the ends, after which it is slotted out to 
receive the radius links, which are put in a driving fit, being 
pressed by a. little mechanical device, and secured by two 
g-inch set screws. The jacket for drilling these holes is 
shown in Pig. 291. The radius links, Fig. 236, p. 141, 
are first planed upon the back side, and then fifteen of them 
fixed upon a lathe face-plate, forming a complete circle of 
'3 feet 7} 2 inch radius, and turned out to receive the slipper 
blocks, then faced up to the right thickness, and afterwards 
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slotted to length and for clearance upon the flats to fit the 
reversing shaft. After thus finishing they are case-hardened 
all over, then the rubbing surfaces ground up hi a vertical 
grinding machine, being fixed on the radius grinding table, 
Fig. 292, which is attached to the machine when required, 
and is capable of receiving a variety of articles of this 
description. The slipper blocks of phosphor bronze, Figs. 
151 to 156, p. 110, are turned all over upon the same 
face plate, twenty-four forming the radius, or sometimes 
they are milled up, the radius being produced by a special 
device. 
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Fig. 293 is a boring jacket for opening out under a radial 

arm or ordinary drilling spindle, the dummy gland for the 

brass bushes in the front steam chest cover of engines having 

the steam chest between the cylinders. These jackets, jigs or 

rigs, are applicable to every repetition operation, whether 

turning, planing or drilling, and the illustrations given are 

tithe of the host. They save time in fixing work on 

the machines, labour in setting out, 

and are certainly conducive to 

acenracy. 

Brass finishing and its require- 
ments are all concentrated in one 
portion of the shop, under one 
chargeman, who ia responsible to 
the foreman. The appliances consist 
of lathes, which are chiefly capstan 
and chasing, suitable machines 
with fly-cutters for nuts, emery 
bands about 1£ inches wide, glazing 
wheels, " bufl'B " for polishing, and 
cock grinding machines. The buffs 
are generally squares of calico, a 
number put together, the diagonals 
placed to form, as it were, a many- 
sided figure, which when revolved 
at a high rate, and a little flour 
of emery used, produces a good 
polish in any corner or intricate casting after it has been first 
passed over a circular brush, which also revolves at a high 
These machines are placed in the order they are 
mentioned, so that when all work reaches the bench there 
is nothing to do but fix together and test. The only 
proposed illustration of work done of this class is the 
injector, which is fully shown and described on p, 115, and 
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by reference to those illustrations the details of the manner 
of work will he facilitated. It is actually an intricate piece 
of lathe work, requiring considerable skill and patience, as 
every one of the eonea in the cone chamber is fixed in steam 
and water-tight, as well as the seating of the wing cone 
2716, upon the top of the combining cone, 2714. These 
cones, which can be easily picked out on p. 118, are first 
dealt with by chucking in the lathe and boring out. They 
are then accurately finished by the group of boring bits, 
Fig. 294, which the reader can easily identify with each of 




Fig. 294. 
the cones in Fig. 187, p. 116. These bits are carefully 
turned to the standard size, then they are backed to give 
clearance to the cutting edges, aud as the quantity of material 
they have to remove is very small indeed, they last an 
almost infinite period. The outsides of the cones are turned 
by chucking them from the inside ou lead chucks. 

Meanwhile the main casting has been set out, and the 
flange for forming the junction with the boiler has been 
plaued. The seatings and stuffing-boxes for the stop valve 
2719, and the steam valve 2718, are bored by chucking this 
flange up against the face plate. The water and overflow 
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cock seatings 2725, are bored by chucking the same flange 
to an angle plate attached to the lathe face plate. The next 
operation is to bore out, thread and face the seatings for the 
various cones hi the central chamber. This is done first by 
chipping, filing or otherwise making even and circular a 
bevel where the cap 2711 enters, then fixing on the chuck or 
centre plate, Fig. 296, to the enlargement for the overflow 
union, and making the top edge parallel with the planed face 
of the flange. This plate has three centres fixed in, corre- 
sponding to the central cone chamber, back-pressure valve 
seating, and the ejector steam union, shown at A, E and C. 




Then it is placed between the lathe centres, that at the loose 
headstock end being a cone to fit the prepared opening of the 
cap seating 271 1. Then the end of the casting 2710 is simply 
faced and turned up, so that it will fit a cone plate and run 
true in it, enabling the inside of the chamber to be got at. 
After it lias been set in the cone plate the cap seating 2711 
is threaded, and then a longer tool put in, and the seating 
for the cone 2713 is bored and threaded, and also that for 
the combining cone 2714. Then a guiding plug is screwed 
in Hush up against the seating for 2713, which extends to 
the face of the seating for 2724, and a boring bit is passed 
through, which finishes the seating for the steam cone 2715. 




THE MACHINE SIIOI 1 . 



This chamber is now finished, and the casting is taken out of 
the lathe, Fig. 296 remaining on, the guiding plug is 
removed, and a bolt is inserted in its place, to which is 
attached the centre plate, Fig. 295, which is adjusted by the 
set screws, the projection A entering the casting flush, and 
E the cone plate, which enables the back-pressure valve 
seating to he faced. C is a clearance space for the union 
with the ejector steam pipe, which is attached to the injector 
on the left-hand side only 
of the engine. The back- 
pressure valve seating 
2717 is that subject to 
the most wear and tear, 
and many old injectors 
would have short lives 
but for bushing, which 
has to be carefully and 
accurately done. In all 
new injectors provision 
is now made for an 
increased life of this 
seating, by extending the 
height of the casting at 
this point about 6 mm. 
or 8 mm., wliieh, after wearing to the usual limits, can in 
the end again be bushed. The speed for all brass turning is 
70 feet to 80 feet per minute. 

All threads of every description are produced by Barrow's 
patent screwing machine, with one single exception, the 
reversing screw, which is still cut in the lathe. The follow- 
ing is the range of work for the largest machine: — Brake 
screws If inch diameter, \ inch pitch, square thread ; shackle 
screws, \\ inch diameter, | inch pitch, round thread : damper 
rod screws, 1 inch diameter, \ inch pitch, square thread ; and 
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all sizes of bolts between 1£ inch and 2J inches diameter. A 
second size screws all those from § inch to 1£ inch, and 
these two machines will also, by means of plain dies, take a 
surface cut of the material before screwing, besides cutting 
and forming their own dies, by the aid of an end millin g 
cutter, tap, and a taper milling cutter. A third size produces 
those below J inch and nothing less than § inch. The speed 
may be taken for, say 1 inch bolta, at eighty revolutions per 
minute. All sizes of nuts are tapped at the well-known 
quadruple tapping machines. 

It was considered convenient to give the various speeds 
and feed when dealing with the individual operations, but 
for a compact reference the appended table may be useful, 
as it represents the average practice. It should be studied in 
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Cylinders 


f Drilling, 
\ tapping 


40 


u 




Steel coating ,. 
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conjunction with the conditions, and all-round difficulties 
which turn up in every machine shop. It is certainly 
possible to work at higher rates in some cases ; but then the 
questions of tool economy and wear and tear of the machines 
come into consideration. 
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SECTION VI. 



ERECTING. 

We have well-authenticated instances of rapid erecting, but 
it 13 not the author's intention to describe one of these. 
From 40 to 45 hours is a reasonable tune for erecting engines 
of the class shown in the sectional drawing. This may be 
accomplished by a system which gives each chargeman three 
pairs of frames under his care, and then by a judicious 
manipulation of his men, engines may be built very much 
cheaper than if there was only one set of frames for him to 
superintend. It also must be understood that every other 
department of the works i3 at least the greater part, if not 
the whole of one order in advance of the erecting. The 
accuracy and system maintained in these other departments 
is also a factor much in favour of cheap and rapid erecting, 
which is supplemented by like care in this shop, introducing 
anything to minimise time or labour, and keeping all tem- 
plates and gauges up to standard. 

In the following figures, some of the necessary helps to 
erecting may be seen : — Fig, 297 shows two forms of a bottle- 
jack stand, upon which the frames are erected ; Fig, 298, the 
standard distance stays, which are placed between the frames 
in suitable and convenient places ; Fig. 299, the bit or rimer 
for opening out the holes in the frames for the cylinders, &c, 
by the aid of the Stowe flexible drilling shafts; Fig. 300, 
a light template cylinder cover, which by the help of a 3-inch 
piece of tube 8 feet long, in conjunction with Fig. 301, is 
used for setting the slide bars ; Fig. 302 is a light template 
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for setting the reversing shaft brackets ; Fig. 303 is a 
late of the standard journals, to which all the axle-boxes 
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are bedded ; this saves hunting up treaties ami getting roller 
pins to slide, and eventually lifting a heavy box on to a 
journal ; and Fig. 31)4 is a half-portion of the cradle upon 
which the driving wheels rest, to facilitate turning when 
setting the valves. These will be referred to again, in due 
course, iu their proper places. 

The progress of erection is illustrated by the four 
Figs. 305-8, each of which shows the work done at the 
end of its period ; so by tracing the figures representing the 
second, third and fourth periods, and placing them all upon 
the tirst, an almost complete drawing of the engine can be 
formed. Those por- 
tions not shown are 
the last to go together, 
so that the whole work 
done in the last period 
can be gathered from 
the sectional drawing, 
which shows the en- 
gine complete for trial. 
These illustrations 
have the advantage of showing very concisely the work 
accomplished during a certain stage, which is also neither 
cramped, confused nor minimised by that done during any 
other period. Each of these figures will be described 
separately, and the author will take each portion of the 
work upon the supposition that he is the only mechanic 
employed, assisted by an apprentice and necessary labourers; 
whereas in actual practice many operations go on simul- 
taneously, in fact as many as possible so long as the pit is 
not crowded with men, and they do not hinder each other. 

Fig. 305 : — The frames are received in the erecting shop 
with all sharp corners filed off and all necessary holes tapped. 
They are first laid upon trestles, and tiie various centre lines 
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then stretched from B to C, at given distances from 
inside of the frames, which also fixes the centres of 
cylinders. On the template C are tlmmh -screws, by wide 
the wires are made quite taut and straight. The cylinders 
are then set to these lines, and securely fixed by temporal 
bolts. The motion plate is then fixed to distance by 
template, which fits in the bolt holes of the lugs on the 
cylinder for the slide bars, and also in those upon the motio 
plate. It is set by the aid of a straight-edge across from th 
lugs on the stuffing-box and the brackets on the plate. The 
template covers, Pig. 300, are now fixed to the front end of 
the cylinders, and the slide bars set by passing a 3-inch tube 
through, about 8 feet long, which has a bearing in the cover 
and gland. The template of the slide blocks, Fig. 301, must 
work up and down quite freely, but at the same time it r 
be absolutely free from all shake. The use of this tube 
template renders the operation a certainty, and is fully 
appreciated by the operator after a trial. A straight-edgt 
smeared with a very thin film of red lead is also tried over 
the whole set to get them square, or in the same plane with 
oue another. There is a suitable liner placed under every 
bearing of the slide bars, to allow for taking up wear 
tear. The cross or frame stay is then set to a centre 
which has been fixed at the right distance from the dri 1 
horn. The foot or drag-plate is set level with the hii 
portion of the frame, flush and square with the end. 
having been securely fixed with temporary bolt?, it is then 
the foreman's duty to pass the whole, as he must be absolutely 
certain that everything is correct before anything else is 
proceeded with. He first walks round the frames, passing 
his gauge at intervals between the frame and the cord I>, to 
ascertain the correctness of the straigbtness of the frames, or 
that they are parallel. Next, he tries if they are level, l>oth 
longitudinally and transversely, also if the diagonal measure- 
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ment between the driving and trailing bonis is correct. He 
then ascertains that the templates B and C are fixed at their 
proper distances from the top of the frames. The face of the 
cylinder has been planed to a given distance from the centre 
of the ports, and a template has been made to ascertain the 
correctness of this, so that the next operation, verifying the 
distance from the centre of the driving axle to the face of the 
cylinder, shall not be nullified by any mistake on the part of 
the planer. He next tries the distance of the piano wires 
from the inside of the frames, which proves that they are 
parallel, also that the distance from the centre of the cylinder 
to the planed frame seating of the casting is correct. The 
iusides of the cylinders are then ganged from the centre wire 
at the front end, also at the staffing-box, and finally a spirit 
level is placed upon the smoke-box tube plate seating. All 
the holes are then opened out by the rimer, Fig. 299, and 
the Stowe flexible shaft, which is shown in position at the 
back end of the frames. Turned bolts or rivets, as the case 
may be, are then driven in and all secured. The platform 
edge angle irons and plates are then fixed and riveted by 
hydraulic riveters. The slide valves and buckles are then 
placed in the steam chest, a ^.-inch liner being put into the 
front port and the edge of the slide valve pushed up against 
it ; tliis position is then indicated upon the valve spindle by 
trammelling a short length from the back of the cylinder 
easting on the spindle. This liner is then placed in the back 
port and the edge of the valve drawn up against it, the same 
trammel length marked upon the spindle, which gives the 
position of the valve at the commencement of the stroke or 
lead. The pistons and rods are then put in, and the " bump " 
or clearance marked on the slide bars for each end, and then 
everything is boxed and bolted up, a temporary cover being 
placed over the exhaust. 

Fig. 307 : — The work of this period is commenced by fixing 
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the brackets for the reversing shaft, which is only temporary, 
the final fixing taking place after the setting of the valves, 
because this shaft bears a most important relation to the 
position of the valves. They are bolted in their places 
temporarily, being set by gauges from the centre of the 
driving horn and from the top of the frame. The template, 
Fig. 302, is used instead of the shaft itself, because of the 
great weight of the latter, and consequently if the template is 
a good fit, square and turns freely, the shaft can be depended 
upon to be the same. The connecting-rods are then coupled 
up to the cross-head, the big ends (minus their straps) resting 
on baulks of timber, or better, slung from the top of the 
frames. The reversing shaft is then lifted into its brackets 
and the rest of the motion is fixed and pinned up. The 
boiler which has been mounted, see p. 34, is now placed in 
position and secured at the smoke-box end by nine J-inch 
bolts, turned and of driving fit, the tube plate resting upon 
its support, which is a portion of the cylinder casting. The 
fire-box end is fixed by the expansion angle iron, Fig. 38, 
p. 24, and then the distance of the centre line of the boiler 
is gauged from the top of the frames by a standard gauge. 

The accuracy which has been attained in constructing the 
boiler is such that there is never any necessity for it 
to be lifted out of the frames because the expansion angle 
iron was not square, or that the tube plate would not 
drop on to its seating. In works where these errors occur 
endless trouble is caused, because the angle iron, if not 
square, must be chipped upon the under side, from nothing 
at one end to the required amount at the other, to bring 
it true. The tube plate must be warmed by heaters and 
set back or forward, as the case may be. Frequently one 
or two trials and various chippings have to be made, which 
in the aggregate make up a loss of time at the least estimate 
of ten or twelve hours, one of our periods or thereabouts, and 
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then finally it is not a good job. The boiler is then lagged 
with red deal dipped in limewash, which is as good as yellow 
pine painted with asbestos, and clothed with sheets 14 I.W.G. 
In the meantime the fire bars have been put in, and the 
ashpan cottered up to the foundation ring. The smoke-box 
is then built and riveted up, all rivets being counter-sunk, 
chipped, and filed flush with the outside case. The steam 
pipes are then fixed, also the blast pipe, the centre of which 
is a given distance from the front of the tube plate. This 
forms the centre of the chimney, winch is set square with 
the boiler and plumb with the centre of the exhaust. The 
leading splashers, which are in one casting with the leading 
sand-boxes, Figs. 69-72, p. 64, are then adjusted, and also 
the driving splashers. The work to be done at these is very 
little; excepting the fixing and bolting down, little or no 
fitting is required. During the fixing of the wood lagging 
the axle-boxes are bedded, also the big end brasses, the 
template, Fig. 303, being used for the boxes, and then each of 
these is mounted on the axles. The axle-boxes are bond out 
a quantity at once, on a machine with horns, the boring bat 
of which slides out. They are dropped into these horns, 
consequently when bored the centre of the radius of the 
crown is equidistant from each horn seating. They are then 
tried up in the horn blocks, simply to adjust the horn 
wedges. 

Fig. 308 :— The wheels and axles which have been mounted 
with boxes, big ends, springs, &c, are now put under, tin; 
horn stays and big ends coupled up, and the cradle, Fig. 304, 
placed under the driving wheels. The engine is now ready to 
have the valves set. It has been previously mentioned that 
the valves have been boxed up, but their position is radicated 
upon the valve spindle at the point of lead, also that the 
reversing shaft has been only set temporarily, and that the 
"bump" or clearance has been marked on t!i< lil': l/irs. 
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The four centres are now marked upon the face of the driving 
tire in the following manner, which gives the dead centres 
for eacli crank. A man is stationed in the pit to watch the 
progress of the slide blocks as the driving axle is turned. 
When they have approached the 1 nimp line within, say, 1 inch, 
he stops the turning of the axle, and from a convenient centre 
on the bottom slide, he scribes on the bar a mark of convenient 
length, between the centre of the block and the bump line. This 
position is also indicated upon the face of the tire. The axle 
is again turned slowly, and he notes as accurately as possible 
when the slide block stups, which gives the clearance between 
the cylinder end and piston. Oue leg of the dividers is then 
placed in the slide block centre and the axle turned until the 
point of the other 
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covers the 
original scribed 
line, this position 
being also indicated 
upon the face of 
the tire, and by dividing the space between these two points 
on the face of the tire, the dead centre of the crank in that 
position is obtained accurately, and it does not depend upon 
the judgment of the operator in the least degree. This is 
repeated until all four centres are obtained. One crank is 
then placed at a dead centre, then the motion is reversed from 
full gear to full gear ; if the valve spindle moves, the reversing 
shaft is either too high or low, and should be adjusted 
accordingly, reasons being given for this later on. Each 
crank should be tried on both centres, and at the same time 
;he lead should be tested, wluch has been marked by trammel 
upon the spindle, this being equalised for the back and front 
port in both gears, by advancing or receding the reversing 
shuft according to requirements. This constitutes the whole 
mystery of setting the valves in the shop. It is simple 
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enough ; but under the surface lie reasons which make it 
even more simple, certainly very much clearer, for knowing 
the reason of doing each operation essentially Gauges the 
whole to be done more scientifically and with greater accuracy. 
We must therefore turn to the drawing-office ; but it is with 
a certain amount of diffidence, because the motion has now 
become so familiar, owing to its application to almost every 
existing class of engine, to its being illustrated in several of 
the engineering papers, and to its forming the subject for 
papers read before nearly every scientific body, that it 
appears almost superfluous to go very deep into detail ; but 
at the same time, to show clearly the setting of the valves, 
this portion of the work would not be complete without it. 

The essentia! conditions required to be known are the 
relative positions of the centre lines of the piston and valve 
spiudle (the latter being in the plane of the vibration of the 
connecting-rod) the full stroke of the valve, also the stroke of 
the piston, the lap and the lead. 

Fig. 30!) :— Lay down the centre line of the cylinder a a, 
and that of the valve spindle b b, at their relative distances. 
Draw the path of the crank pin, and the centra hues of the 
connecting-rod c c 1 , c c 11 , for both upper and lower positions, 
when the piston is at half stroke. Take a point d, on the 
centre line of the connecting-rod, where its vibration between 
d x and d 2 is equal to about double the length of the full 
stroke of the valve, allowing more rather than less, because it 
then renders a less angle of the reversing shaft when in full 
forward or backward gear. Through <l draw the vertical z z, 
at right angles to a a, and mark off the two points e c 1 , ou 
each side, which are the extreme positions of the point >/, for 
front and back strokes ; from these points draw lines to a point 
/ on the vertical, such that the angle between them shall not 
be more than 90°, less if there is room to allow it. Select 
a point f either backward or forward, at a convenient 
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i that the point/, which rises and falls with the 
connecting-rod, is maintained by the anchor link as nearly 
as possible on the vertical line. This vibration ia shown 
in the figure to he all upon one aide of the vertical, which 
does not make any material difference to the motion. The 
vertical is also indicated by the dotted lines. 

Next, on the valve spindle centre line o 6 mark off upon 
each side of the vertical the amount required for lap and 
lead together, g—tf and g—g*. the former being lap and lead 
for the front port and the latter for the baek port. Assume 
the piston to be at the front end of the cylinder, then the 
point d will be at e 1 , and the stirrup link at e 1 f. From a 
point on this link which has at first to be assumed, say at 
j — which will be about one-third more than the half vibration 
of the connecting-rod, (Jiat is d to d 1 — draw the centre line 
of the lever actuating the valve, that is joinings and g l ; the 
point where this line crosses the vertical, z z, will be the 
centre of the fulcrum of the lever, and will also be the 
centre of oscillation of the curved links in the reversing 
shaft, in which the blocks carrying the centre of the lever slide. 
This centre is marked tn, and stands for both centres, which 
must be concentric at each end of the stroke, From thi3 
construction, that is, by marking out the lap and the lead 
and actuating it by a lever, the steam is admitted at the 
commencement of each stroke by the amount of the lead 
only, and as this depends upon the link as a lever (which 
does not admit of a varying length) the lead remains con- 
stant for all degrees of expansion. Also because the point 
in, was made the centre or fulcrum of the actuating lever 
and the. centre of oscillation, which coincide when the 
piston is at each end of the stroke; when reversed from 
full gear to full gear, or any intermediate point, the valve 
should not move. This is the test always given to ascertain 
the correctness to which the valves have been set, nothing 
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being admitted beyond a movement equal to the line of a 
fine acriber point. 

It will be seen at a glance, and can be easily demon- 
strated with a pair of dividers, that if the pointy of the lower 
end of the actuating lever were attached directly to the point 
c 1 on the connecting-rod, there would be imparted to the 
centre in, or fulcrum of that lever, an unequal vibration 
above and below the centre of the reversing shaft, which 
would give an unequal port and cut off for the two ends of 
the stroke. The function of the stirrup link e 1 / and its 
attachment to the valve lever at/ is to correct this error, for 
while the point e on the connecting-rod is performing a 
nearly true ellipse, the point / is moving in a figure like an 
ellipse bulged out at one side; but the axis/ 1 / 3 is equal 
to the minor axis d 1 d 2 , which is also equal to n 1 n 2 . This 
irregularity is so set to correct the above error, and it gives an 
equal vibration to the centre m, above and below the centre 
of the reversing shaft. Although the position of the point/ 
may be found by calculation, it is much more quickly found 
by a tentative process, anil to test if the assumed point/ be 
the correct one, we mark off on each side of m vertically the 
correct equal vibration required, n l n 2 , which will be the 
same as d 1 d 2 . Then apply the distance e 1 jto d l j l andff/ s . 
Then if the length / n be applied to j l w 1 measuring from j\ 
and to/ 1 n 1 measuring from / s , and the point m fall below 
n 1 n 2 in each case, it will be necessary to take a point on e 1 / 
higher than / ; or if, on the other hand, m fall above ji 1 n 3 , 
then the point / must be taken lower. This point will be 
very soon found, the only stipulation being that the length 
j m of the lever/?)?. (J 1 must be such that its centre mi vibrates 
equally on each side of the centre of the quadrant, also 
marked m. 

The point g will be the point of attachment for the valve 
rod, which may be of any convenient length ; but from that 
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length as a radius, the centre of the links must he drawn 
from a centre m l on the parallel line m m', which corrects 
the error caused hy the movement of the end of the valve 
rod. The angle at which this curve is set from the vertical 
— which is mid-gear — will give forward or backward gear, the 
angle leaning forward s 1 heing forward gear and the reverse s 2 
being backward gear, the centre of these curves being shown 
at m* and m 3 . The amount of the angle, marked on the curve 
of extreme vibration at s s' or s s* will equal a quarter more 
than the full opening of the port at that angle, and the point 
of cut-off will be about 75 per cent. Thus if 1 inch opening 
of the port be required, the amount of the angle s s 1 must be 
1 J inch. Laid out in this form, the leads and cut-offs for both 
ends of the cylinder, and for backward and forward gear, will 
be practically perfect and equal, and the openings of the port 
nearly so. Deviations may be made without materially 
altering the correctness of the results. 

During the passage of the point j the point ra receives an 
acceleration due to the decreasing angularity of the rod up 
to the point,/ 1 , and also during the remaining portion of the 
stroke owing to an increasing angularity. For the return 
stroke the point m encounters retardation for similar reasons. 
This is shown in Fig. 309, where R equals the amount due 
to the vertical movement of the point j, and P that due to 
the decreasing angle of the rod, whereas in the return stroke 
the whole of the movement of the point m would be repre- 
sented by x, excepting for the retardation represented by the 
minus quantity y. This peculiar movement occurs just at 
the right moment. The valve opens and admits steam in 
ample volume at the commencement, and then pauses when 
full open, due to this peculiarity. It also opens to exhaust 
promptly to the full extent, then pauses, so that the steam 
escapes in the same free manner that it was admitted. 
These advantages can he more forcibly realised by comparing 
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the valve path diagrams of sister engines, one having this 
gOBX and the other the link motion, both having the same 
amount of lap and cut-off. Further advantages are: — Every 
portion is always in useful action, cylinders can be placed 
nearer together and increased bearings attained, it is acces- 
sible and easy to reverse, besides having less area by one- 
quarter exposed to friction than the link motion. 

In Fig. 309, if 100 represents the total amount of resist- 
ance to the progress of the valve, then the different values of 
the stress upon the other pinB are represented accordingly. 

Fig. 308 : — Now that the valves have been set, the holes 
may be opened out in the frames for the reversing shaft 
brackets and four 1-inch bolts driven home into each. In the 
meantime the foot plate end has been receiving attention, for 
the cab has been fitted, put on, and fastened to the platform 
with bolts. The cab sides and splashers are formed of one 
plate outside, the cast-iron sand-box being fitted to this plate 
inside, the reversing bracket being bolted to the top of the 
left trailing splasher. Now that the two sides are fixed, it 
only remains for the front and top to be placed, when the cab 
will he complete. The vacuum brake cylinder is then placed 
in position by securing it to the underside of the foot plate by 
carrier plates or brackets. Then all vacuum and injector 
pipes, &c. are coupled up, also the handrail round the boiler 
and smoke-box front is secured to its eye bolts or studs. The 
brake hangers are then hung on their studs, the cross bars 
fixed, and all »df coupled up. This completes the work as 
far as shown in the figures ; what remains to be done, which 
is about six or seven hours' work, is shown on the sectional 
drawing. This consists of securing the buffer-plate, buffers, 
draw-bars, fall plate, foot steps, packing glands, &c, The 
engine is then slung in the cranes and the coupling rods put 
on, the springs adjusted, carried to the traverser, and then 
drawn out of the shop. The tender is then coupled to the 
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engine, the brake blocks adjusted, also all necessary pipes, and 
then fired up ready for trial, which consists of about twenty 
to twenty-five miles run. 

During the trial, observations should be made relative to 
the clearance spaces in and about the motion and elsewhere, 
also that all pins, journals and bearings remain cool. The 
injectors should he perfectly free and easy to work. The 
regulator, reversing, sand, cylinder cock gear and water pick- 
up should work freely, hut without any undue slackness, this 
also being applicable to all other details. The vacuum brake 
must receive special attention, it being thoroughly tested as 
to leakage, amount of vacuum and power. The latter is 
generally tried by putting the brake full on and opening the 
regulator full. All the joints on the foot plate for boiler 
mountings, the dome and safety valve covers, also the 
cylinder and steam chest covers, should be perfectly tight. 
Finally, each wheel should be run over a J or f-inch washer, 
and the effect upon the springs noted, which should give 
accordingly. The engine is then handed over to the paint 
shop. 

Here it first receives a thorough scouring all over with 
sandstone, and is afterwards washed down with turpentine, to 
thoroughly cleanse it from all rust and dirt. It is then given 
one coat of oil lead colour, which consists of white lead and 
common black, mixed with boiled linseed oil, turpentine and 
terebene drier. This coat gives adherence to the stopping 
and filling, which consists of white lead, Indian copal varnish 
and gold size. The whole surface of the engine is gone over 
first, and the worst parts filled up with a thick stopping, 
using putty knives, and then followed with a thinner stopping 
worked on with trowels. The rivets are then brushed round 
with a thinner filling, which softens that put on with trowels, 
and makes the whole a smooth surface. A cheaper material 

i mixed with the white lead and used after the first coat of 
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lead colour, when the surfaces are worse than usual and a 
great quantity of material is required. It is then stained with 
one coat of vegetable black, mixed with gold size and turpen- 
tine, which acts as a guide for the rubbers-down. A smooth 
surface is then got up by wet rubbing with Schumachersche's 
Fabrick. Afterwards it receives the first coat of paint, which 
is a dark lead, mixed in a similar manner to the light lead 
colour used before filling up. This is followed by a coat of 
the best drop ivory black, which is mixed with gold size and 
turpentine, bound with varnish. The third coat consists of 
the best drop ivory black mixed with varnish, upon which the 
lining out is done. It is then ready for the varnish, the first 
two coats being flattened down with pumice powder, horsehair 
and water, followed by a third coat ; best engine copal varnish 
being used in all eases. The cab is filled up inside in a 
similar manner to the rest of the engine, and painted with 
three coats of buff or stone colour, which consists of white 
lead, Turkey burnt umber, orange chrome, mixed with boiled 
oil, turpentine and terebene driers. It is then stencilled, 
lined out, and given two coats of clear varnish. All the 
motion work, where not bright, and the buffer beam, receives 
three coats of vermilion and varnished. Wheels, framing, 
smoke-box and brake gear receive one coat of drop ivory 
black and two coats of the best Japan black. The whole 
operation occupies about three weeks, including one week for 
the varnish to set, and is such that it will not be required to 
be repeated for five years. 
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Bessemer steel costings, 75 


" Aspinatl," aluminium -bronze, 102 


— tiros, spociflcatioa, 125 


— oxidation, 108 


Big end strap, forging, 137 


— quadruple tapping machine, 32 


Bit, boring in jertor cones, 219 


— steel castings, B5, 87 


— or rimer, 224, 231 


" Aepinull'fl " autographic recorder, 93 


Bits, rose, 191 


Atomio theory, applied to alloys, 96 


Blast pipe, 67, 235 


Autographic rceoidt-r, " AspinnU'a," 113 


Blending brands of pig, 39 


Axle-boxes, 111 i 


Blocks, hammer, 136 


— bedded, bored, 235 


Board, turnover, use of, 49 


— brass tender, 111 


Boiler, I 


— easting, core-boxes, 111 


— accurate construction, benefit of, 234 


— engine keep, 70 


— centre lines, setting oui^ 24 


— in hornblocks, 235 


— fixing the, 234 


— lid for tender, 72 


— gauges, construction of, 22 


— machining and metal for, 206 


— lagging the, 235 


— patterns, 111 


— mounting, 84 


— tender, 70 


— plates, inspection of, specification 


Axles, crank, see Crank axles 


for, 1 


— fixing wheels on, 210 


— shell, drilling of, 8 


— straight, see Straight axles 


— shop, arrangement of, 3 




drift in, workmanship in, 4 




— stays, 13 


Back plate, Hanging, 20 


— testing, 36 


— markmg or setting out, 21 


— tubes, 180 


Ball and socket water-joint, 114 


— twist in, due to riveting, 25 


Barrel, construction of boiler, 6 


Bolt heads, countersunk and rub, 171 


— jointing to casing, 6, 23 


Bolts and nuts, 169 


— joints and seams, junction to fire- 


Boras, brazing flux, 182 


box, 6 


Boring bits, injector cones, 219 


— plates, bonding, 9 


— jacket, 218 


— shell, riveting, 12 


— machine, crank pins, 211 


— smoke-box tube phi to, securing, 11 


— mill, 213 


" Barrow's " screwing machine, 221 


— stufflng-boxes, cylinder, 213 


Bars, roof, 13,32 


Boshes, cupola, capacity of and nso of, 


— slide, 145 


43 


Basic steel castings, 75 


Bottle-jack stands, 224, 228 


in smithy, 148 


Bottoms, drop «. solid cupola, 47 


stays, 30 


Box angle iron, 157 


Booking tiros, 126 


Boxes, axle, see Axle-boiea 


Tearing metal, 99 


— core, see Core-boxes 


earinga, 245 


— moulding, 42 


ell crank levers, 1113 


Brackets, expansion. 24, 26, 234 


BenardoV electric welding, 152 


Brake blocks, 245 


ending copper pipes, 183 


— cylinder, hangers. 244 


- plates, barrel, U 


— vacuum, 245 


dome, 10 


Brands of pig, blinding, 39 
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Brass, 100 


Cosing to bflirel, jointing, 23 


— axle-box, casting, 111 


Cast iron, miffing, 190, 197 


— finishing, 218 


Casting brass axle box. 111 


— foundry, 93 


— dull, 48 


melting, 102 


— foundry floor, 68 


moulding, 104 


— operations common to, 40 


— nuts, 101 


Castings, desif^i of, 37 


— speed for milling, 197 


— i>. forgings, 129 


planing, 207 


— inspection of, 39 


— tender axle-box, 1 1 1 


— iron, nee Iron custings 


Brmed seams, ISO 


— reuniting iron, 38 


strength of, 182 


— risers on, 41,57 


— — value of, 1S1 


— scabs and scabbing, 41 


Brazing, 181 


— shackles for testing iron, 39 


— dome covers, 186 


— speed and feed, machining, 205 


— flux, boras, 182 


milling, 196,197 


— mouldings, 188 


— steel, tee Steel castings 


— on saddles, 184 


Caulking, pneumatic, 5 


— safety valve covers, 187 


Centre lines of boiler, setting out, 24 


— scarf for, 181 


— — * Joy's " motion, 239 


— socket joints, 185 


Chambered milling cutters, 194 


— tin effects, 181 


Chaplets, 41 


Breast, formation of cupola, 40 


— attention to important, prevention of 


Brick arch, 36 


blown metal, 63 


Bronze, 90 


— setting and wedging, example of, 57 


— aluminium, 101 


Charging cupolas, 43 


"Aspinall," 102 


— bole cupola, positi on of and output, 


— analysis of, 07 


44 


— ferro, manganese, 101 


Chemical analysis, boiler plates, 2 


— phosphor, 98 


Chimney, 235 


— silicon, 101 


— mould and pattern, 66 


Buckle, elimination of, 5 


Chisels, 169 


Buokles, Bpring, 144, 174 


— tool for making, 169 


— valve, 143 


" Cbordal " on lathe work, 191 


Buffer plate, 244 


Ohuck for machining cross-head, 215 


— rubbing blocks, 200 


— — turning injector, 220 


Bump of piston. 231 


wheels, 211 


Bualies, 108, 109 


Cinders, use of, in cores and venting, 


Butt strips, 1 1 


59, 61, 66 




Chipper swages, 142 




Clearance, auglo of, 191 


Cab fitted, 244 


— For cutting angle, 190 


— window frames, 123 


edges, 191 


Cambrc, springs, 173 


Clothing sheets, -i: 15 


Carbon affected by annealing, 78, 87 


Cock, cylinder, 105 


— in pig iron, SB 


Cock levers, cylinder, 163 


— iu spring steel, 177 


Cocks, water gauge, 1 05 


— in steel eastings, 78 


Cohesive force, " Unn-iu " on, 93 


Cose hardening. 175, 178 


' 'eke. analysis of foundry, 41 
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Cuke, nab in, 45 


Cores, cinders in, 61, 66 


— American consumption, 45 


— - cylinder body, 49 


— and carbonic acid, 45 


preparation of, 49 


— consumption of, in cupola, 45 


— green sand, 66 


— for cupola, 44 


— head of metal, 61 


— heating value, 44 


— securing, example of, 57 


— mechanical properties of, 45 


— setting, 49 


— sulphur in foundry, 44 


Corner thinning machine, plate, 15 


— volatile matter in, 44 


Corrugation, 102 


Cold rivets, 228 


Cost of milling, 194 


— short iron, 149 


Countersunk bolts, 171 


" Collier's" nut machine, 170 


CijUpliu;; rods, furging, 131 


Combination injectors, 115, 245 


milling, 200 


— tool for chisel, 169 


— — panahing, 1 34 


Commercial testa, iron castings, 38 


Couplings, screw, 161 


Communication cord, standard for, 108 


Covers, cylinder, 57 


Composition, slide valves, 100 


— dome, 186 


Compositions, welding, 151 


— safety valve, 185, 187 


Cone, internal steam pipe, 108 


Crank axles, error of twist, 20S 


— main steam pipe, 183 


forging of, 130 


Connecting rods. 234 


" Holmes " on, 73 


forging, 135 


ingotB for, 129 


milling, 200 


machining, 207 


Connection between tender and injector, 


manufacture of, 129 


114 


mileage of, 73 


Construction of boiler gauges, 22 


quadrant centres for, 208 


Copper, affected bj annealing, 95 


slotting, 210 


— alloys, 93 


Specification of, 129 


— plates, flanging, 30 


test of L. & T. Railway Co. 129 


— — machining, 30 


turning, 209 


specification, 29 


unhammered, 72 


— phosphide. 98 


— levers, bell, 163 


— pipes, bending, 183 


— pins, forging, 132 


strengthening, 165 


seatings, 211 


— properties of, 03 


.:■..:■.:' .:'■■. ■■. : : : 


Coppersmiths, 180 


— sweep- mil ling machine, 209 


Copper stays, riveting, snapping, 30 


Cross-head, 144, 234 


specification, 29 


— machining, 215 


Copper tubes, specification, 35 


— valve spindle, 163, 167 


Core-boxes, ball and socket joint, 115 


Cross stay, machining, 205 


— injector, 122 


setting, 230 


— safety vnlre, 113 


Crucible, brass melting, 102 


Core irons, 61, 66 


— furnaces, 103 


— making, loam for, 40 


Crucibles, plumbago, 103 


— printa, 40, 49 


Crushing, fin prevents, 52 


— shaping for twin cylinders, 40 


— strength, iron castings, 38 


Cores, axle-bos, brass foundry, 111 


Cutters, tee Milling cutters 


— — for white metal, 112 


Cutting uuglc, clenrimco of, 190 


— burnt in drying, 48 


— edges, angle of and ciuuuucc, 191 
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Siting, Mrew, 191 


Die, drop hammer, fin, 168 


Oupok, 43 


life of, 187 


-— account, 45 


— punching safety vuJvo lovorB, 159 


■ — boshes, capacity and use, 48 


— punching screw couplings, 161 


— brest, formation of, 46 


— punching spanners, 168 


— charging hole, position of, 44 


Distance stays, 224, 228 


— — platform, 43 


Dome casing, 186 


— drop bottoma u. solid, 47 


— construction of, 26 


— ■ fuel for, 44 


— covers dishing, 29 


— iron left in bottom of, 48 


Beating, 29 


mixing for, 48 


— gauges, 28 


— limestone flux, 47 


— plates, bending, 10 


nee of, 45, 47 


— strengthening plates, 7 


— • linings, 46 


drilling, 11 


— output, 45 


Door, fire hole, " Webb's," 35 


— ■ preparation of, 4G 


Dowelled patterns, 40 


— sizes of, 43 


Drag or foot plate, see Foot or drag 


— Blag, 47 


Draw in patterns, 40 


— tupping holes, 46 


Draw- back for moulding, 122 


— tuyeres, 44 


Drift, use of, in boiler shop, 4 


■ — working of, 46, 


Drill, multiple for boiler plates, 8 


Cylinder, angle of inclination, 228 


Drilling boiler plates and templates, 7 


— body core, hay rope for, 49 


— jackets, 205 


— cock, 105 


— machine, boiler shell, 8 


gear, 245 


flange, 12 


levers, 163 


"Webb's," 31 


— cores, preparation of, 49 


— smoke-box tube plates, 20 


— covers, 57 


Drills, twist, see Twist drills 


— feeders fur moulds, 57 


Drop hammer, 162, 163, 165, 168 


— casting, head of metal, use of, 57 


— — list of forgings, 167 


— machining, 213 


— test, steel eastings, 87 


— metal, 48 


Dry sand moulds, 40 


— moulds, preparation of, 48, 50, 51, 


Drying cupola tapping boles, 46 


52, 5G, 57 


— cylinder moulds, time, 56 


— patterns, 48, 49, 51, 52 


— skin, 63 


core prints, 49 


— stove, 43 


— Betting, 228 


Dull casting, 48 


— shaping core, 40 


Duty of foreman erector, 230 


— vacuum brake, 244 






Economv, machine shop, 189 


■ > Link for spring, 159 


Edge planing machine, plate, 9 


^ Daltou's " atomic theory, 96 


Kjei'toi pipes, 182 


■•De BergueV rivet machine, 170 


Electric welding, •' Benardo's," " The 


IDeoxidants, alloys, 98 
lesign, iron castings, 37 


Electric Welding Co., Limited," 


"Messrs. Lloyd, Lloyd,'' 152 


— steel castings, 73 


Emery machine, milling cutters, 196 


Diagnnai trammelling, 228 


English t, American castings, 39 


Die, drop hummer, 1 66 


Erecting, 221 
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Erecting, first stage, 226 


Foot or drag plato raotiM, 59 


— second stage, 228 


— setting, 230 


— third stage, 231 


Foot steps, 244 


— fourth stage, 235 


Force, cohesive, " Dowin " on, 93 


Erecting foreman's dnty, 230 


Foreman erector's duty, 230 


— method illustrating, 226 


Forge, 124 


— loqU used in, 224 


— mandril in, 146 


Exhaust pipe mould, G7 


— relationship to smithy, 117 


Expansion angle iron, 21, 2G 


Forging anchor links, 139 


— due to riveting, 24 


— axles, crank, 120 




— — straight, 133 




— big end straps, 137 


Facing machine, rotary, 205 


— connecting rods, 135 


— sand, 40 


— coupling rods, 134 


Faggot forging, 127 


— crank pins, 132 


Fail plate, 244 


washers, 132 


Feed, fathework, rate of, 191 


— hydraulic, 12S, 129 


— mining, rate of, 197 


— little end straps, 133 


— slotting frames, 205 


— piston rods, 144 


— twist drills, rate of, 190 


— radius links, 140 


Feeder, cylinder casting, 57 


— slide bars, 145 


Ferro-bronze, 101 


— spring buckle, 144 


Ferrules, tnbe, 171 


— stamping, 127 


Fin, drop forginga, 168 


— steam hammer, 129 


— use of, in mould's, 52 


— stirrup links, 142 


Firebars, 68, 235 


— swing links, 143 


Fire-box to barrel, junotion, 6 


— system in, 145 


— comer mouldings, 185, 1S8 


— valve buckles, 143 


— shell, 12 


rods, 1 39 


— twist In, 24 


Forgings, « Artel," 128 


Fire hole door, " Webb's," 35 


— drop hammer, 165 


drilling machine, 31 


fin, 168 


Fitting roof bars, B2 


— faggot, 127 


Fixing smoke-box tube plate, 2G 


— iron, piling for, 127 


Flange drilling machine, 12 


puddled bar, 127 


Flanges, brass, 10S 


slabs for, 127 


— steam pipe, 183, 1S5 


— quality of, 131 


Flanging, 3, 15, 18 


— signal, 168 


— dome, 26, 28 


— v. steel castings, 79 


— plates, back, 20 


— wrought scrap, 127 


copper, 30 


Former, milling coupling rods, 200 


smoke-box tube, 20 


Foundation ring, 14, 15, 32 


throat, 18 


Foundry, brass, 93 


— press, 18 


melting, 102 


Flow of metal, 162 


moulding, 10-4 


Flux, brazing, 182 


— iron, 37 



Flax, welding, use of, 151 
Foot or drag plate, easting, 5' 
machining, 205 



angements, 41 

general, 48 

hot pouring, 48 
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Foundry, light in iron, 11 


Heating plates locally, 15 


Fractures, wrought iron, 148 


— value of coke, 44 


Frames, clearance for wheelB, 205 


Hinges, smoke bos, 164 


— erecting, 226 


" Holmee " on crank axles, 73 


— machining, 204 


Homogeneous alloys, 95 


Fuel, cupola, 44 


Humbloeks, 235 


Furnace, alloys, crucibles, 103 


— machining, 206 


— — Siemens, 97, 108 


" Horsfleld's " bolt machine, 170 


— Co. American Gas, 133 


Hot pouring iu foundry, 48 


Fusibility, alloys, 97 


Hydraulic flanging, 3, 15, 18 


Fusible plugs, 36 


— forging, 128, 129 


Gagqkhh, 41, 49 


Imfueities affect welding, 149 


Gaps, lathe, 191 


India, tires for, 127 


Gas Furnaco Co., American, 139 


Ingots, crank axles, 129 


Gaaea, escape of and vent pipes, S3 


— pipe in, 30 


Gates, skimming, 11 


— plates, 124 


Gauge cocks, water, 105 


— tires, 125 


Gauges, construction of holler, 22 


Injector, combination, 115, 245 


— dome, 28 


— connection to tender, 114 


General iron foundry, 48 


— core-boxes, 122 


— smithy, 158 


— description of, 117 


" Gjer's " soaking pita, 124 


— details, 118 


G hinds. 103 


— machining, 219 


— packing, 244 


— moulding, 120 


Glut, welding, angles, 135 


— patterns, 121 


Green sand eorea, 06 


— pipes, 182,244 


moulds, 41 


Inside firc-lms shell, .-jiuufi ration of, 


"Greaham and Craven" injectors, 117 


29 


Grinding machine, milling cutters, 


Inspection, boiler plates, 1 


196 


— of castings, 39 


— milling cutters and cost of, 132 


Internal pipes, 108, 182 


— radius links, 217 


Iron, allotropic, 178 


— twist drills. 190 


— angle, aee Angle iron 


Gussets, 72, 228 


— castings Anii.rlc.ui ~|iciiflcatioo, 38 




— — commercial tests, 38 




crushing strength, 38 


"Hadftw.d" on design of steel cost- 


design of, 37 


ings, 74, 84 


romelting, 38 


Hammer blocks, 136 


specification tests, 38 


— drop, tee Drop hammer 


spaed and feed machining, 205 


— forging, steam, 129 


tensile strength, 38 


Handrail stud, IBS 


— cold short, 143 


Hardening, 175, 177, 178 


— forgings, puddled bar, 127 


— milling cutters, 199 


— foundry, 37 


Hoy in Foundry, use of, 49 


— milling cast, 196, 197 


Head of metal, cylinder casting, 57 


— mixings for cupola, 48 


iising cores, 61 


— red short, 149 
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Iron, speed for milling runt, 190, 197 


Limestone in cupola, rise of, 45, 47 


wrought, 197 


Link, adjustable spring, 1C7 


Irregular join!, moulding, 41, 57, 61 


— anchor, 139 




— D spring, 159 




Links, milling anchor, 201 


Jackets, 2 IS 


stirrup and swing, 202 


— drilling, 205 


— radius, forging, 140, 217 


cylinders, 214 


— spring, forging, 159 


— — frames, 228 


— stirrup, forging, 142 


reversing abaft, 217 


— swing, forging, 143 


— for milling rods, 200 


— turning radius, 217 


stirrup lints, 203 


Liquation of alloys, SB, 99 


Jet pipe, 182 


Littk; end strap, forging, 138 


Joggle or pocket, 30, 31 


" Lloyd, Lloyd," eleclrio welding, 152 


Joint, braiing socket, 185 


Loam for core making, 40 


— irregular, moulding, 41, 57, 01 


Lob milling cutters, 193 


Jointing fire-box casing to barrel, 6, 23 


Local heating of plates, 15 


Joints, 245 


Longitudinal scams, 6 


— in smithy, making, 103 


— stays, 36 


— transversa barrel, 6 


Loose irons used as core irons, 72 


Journals, 245 




"Joy's" valve motion, 139, 140,202, 




239, 215 


Machine for milling cutters, emery, 190 


rules for setting out, 239 


— moulding, cylinders, 49 


milling, 202 


— shop and system, 189 


slipper block, 110 


— straightening plates, 5 


stress on pins, 244 


Machines, ties uript ion of, 191 


Junction of fire-box to barrel, 6, 23 


— milling, 191, 195 




— output, 189 




— plate bending, 11 


Ket aeatings, milling, 210 


Machining copper plates, 30 


Keys or spanners, 168 


— frames, 204 




Mandril in forge, 14G 




Manganese bronze, 101 


Lagged patterns, 40 


Manufacture, alloys, 95, 08, 103 


Lagging, boiler, 235 


— crank axles, 129 


Lathe work, " Chordal " on, gaps, feed, 


— plates, 124 


speed, stays, to., 191 


— rivets, 170 


Lead in alloys, 100 


— slide valves, 98 


Lead of slide valves, 281,241 


— tires, 125 


Leader, casting axle-box. 111 


Marking back plate, 21 


Leaders, easting cylinders, 57 


— throat plate, 20 


Lever, ashpan, bell crank, cylinder 


Materials for smith, raw, 14S 


cock, 103 


Melting, brass foundry, 102 


— reversing shaft, 158 


Mrhil, bearing, 99 


— safety valve, 159 


— in cupola bottoms, 48 


— short armed, 107 


— flow of, 162 


Life of crank asles, 72 


— head of, cylinder casting, 57 


Light in foundry, 41 


— white, 101 
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d ill nitrating erecting, 228 


Motion plate, setting, 230 


tecl, speed milling, 197 


Moulding boxes, 42 


welding, 150 


— brass foundry, 104 


re, crunk axles, 72 


Moulding cylinders, general method, 49 


g anchor links, 201 


— injectors, 120 


t iron, 196, 107 


— machine, cylinders, 49 


necting rods, 200 


— plate, 42 


t of, 194 


Mouldings, fire-box corner, and smoke- 


pling ruda, 200 


box comer, 185, 188 


nk sweeps, 201) 


Moulds, dry sand. 40 


tera, angle of relief, 193 


— green sand, 41 


chambered, 194 


Mounting boiler, 34 


coat of grinding, economy of, oE- 


Mod plugs, 36 


cy of, 192 


Multiple drilling machine, 8 


emery machine for, 196 




facing, for general work, grind- 
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NrjtnEK plates, 123 


hardening, 109 


Nuts and bolts, 169 


life of, 192 


— brass, 104 


lob, 193 


— look, 171 


points fur attention, shank, 191 


— screw couplings, 162 


size of, 200 


— thickness of, 170 


steel for, 192 




teeth for, 193 




work done by, 196 


Obtuse angle iron, 157 


uroples of Formers for, 200 


Occlusion of gasos, alloys, 95 


rnblooks, 206 


Odd side in brass foundry, 107 


y scotingB, 210 


for cone, 108 


ichinea, 191, 195 


as turnover board, 61 


universal. 192 


Oil grooves, milling, 207, 216 


grooves, 207 


— syphona, 104, HI 


— in slide blanks, 210 


Open Ueartb furnace, brass molting, 


ifllos, 200, 202 


102, 103 


eed for brass, iron castings, mild 


Operations common to castings, 40 


cl, steel castings, wrought iron, 


Output, cupola, 45 




— machine, 189 


rrap and swing links, 202 


Oxidation, alloys, 95, 97, 103 


jle of speeds and feed, 197 




ixrod articles, 202 




ilityof, 192, 203 


Packinq glanda, 244 


We rods, 201 


l'iiiTiing/, 15, 24 


ngs, cylinder metal, iron for 


Painting and paintehop, 245 


>olo. quality of cylinder, &c., 48 


Patterns, axle-box, 111 


de valve, 98 


— ball and socket joint, 1 15 


lite iron effects, wrought scrap 


— brass foundry, 104 


fonudry. 48 


— chimney. 66 


m, "Joy's" valve, see "Joy's" 


— cylinder, 50, 51,52 


ve motion 


— dowelled, draw in, lagged, 40 


ito, machining, 205 


— number of, for iron castings, 72 
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Patterns, plate, brass foundry, 104 

— " RaniBhottoni's" scoop, 114 

— safety valve, 113 

— tender axle-box, brass, 111 

" Pcarn's" lightning topper, 214 
I'hnsiiliiile, onpper and tin, 98 
Phosphor bronze, 98 
Phosphorus id alloys, 93, 98 

— In pig iron, 38 

Physical properties, steel casting, 79 
Pig iron, blending, 39 

— — carbon and phosphorus in, 38 
Piling iron forgings, 127 

Pins, 245 

Pipe in crank ingots, 130 
Piper-, bending copper, 1S3 

— ejector, 182 

— injector, 182, 244 

— internal, 108, 182 

— jet, 182 

— main and smoke-box steam, 180, 183 

— strengthening copper, 185 

— testing, 185 

— vacuum, 244 
Piston, bump of, 231 

— head, casting, 57 

— - — turning, 215 

— ring, casting, 57 

— rod, 144 

gland, 108 

turning, 215 

Pitch, rivets, 5 

— spiral milling cutters, 193 

— teeth, milling cutters, 193 
Planing edges of plates, 9 

Plate corner thinning machine, 15 

— dome strengthening, 7 

— moulding, 42 

examples of, 42, 57 

— patterns, brass foundry, 104 
tire bars, 68 

number plate, 123 

tender axle-bos lid, 72 

— straightening machine, 5 
Plates, bending, 9 

— boiler, specification of, 1 

— copper, specification of, 29 

— dome, bending, 10 



Plates, drilling boiler, 7, 11 

— elimination of buckle, 5 

— ingots for and manufactore of, 124 

— number, 123 

— punching, 8, 9 

— rivets in punched, 8 

— rolling, 124 

— shearing, punching, planing, Ac, 9 

— wrapper, 14 

Platform angle iron, 156, 228 
Ping, fusible, 86 

— mud, 36 

Plumbago crucibles, 103 
Pneumatic caulking, 5 
Poekot or joggle, 30, 31 
Pouring in foundry, hot, 48 
Press, Hanging, 18 
Prints, core, 40 

cylinder patterns, 49 

Profile milling, 200, 202 

Properties of alloys, physical, 95, 96, 

100 
copper, 93 

— — ■ steel castings, chemical, 77 

physical, 79 

Puddls bar forgings, 127 
Punched plates, rivets in, 8 
Punching coupling rods, 134 

— safety valve levers, £59 

— screw couplings, 161 

— spanners, 168 



Qoadhcple tapping machine, " As- 
pinall's," 32 

Radius blocks, 110 

- links, 140 

machining, 217 

' ; Ramsbottom's " regulator, 105 
— water scoop, core-boxes, 114 

patterns, 113 

Raw material, smithy, 148 
Recorder, "Aspinall's " autographic, 93 
Bed short iron, 149 
Regnlator rod stuffing-box, 107 

- valve, 105, 245 
ltcmeltiag alloys, 96 

iron castings, 3S 
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race of steel, 176 

ling gear, 245 

ft, importance of fixing, 234 

ft lever, 158 

nachining, 217 

lemplate, 225, 234 

s, use of, in moulds, 53 

r " on Steel castings, 79 

or bit, 224, 231 

angle, 157 

ing piston, 57 

idation, 14, 15, 31 

dless, 11 

iteel, specification of, 3 

lg barrel shell, 12 

per stays, 30 

Elusion due to, 24 

;t in boiler, due to, 25 

, cold, 228 

Lufacture of, 170 

hof, 5 

•unched plates, 8 

on castings, 41, 57 

xmneoting, forging, 135 

nilling, 200 

pling, forging, 134 

nilling, 200 

)unehing, 134 

on, 144 

glands, 108 

mming, 215 

re, forging, 139 

nilling, 201 

rson & Co.,*' steel castings, 85 

; plates, 125 

ar stays, 13, 32 

its, 191 

• facing machine, 205 

setting out, " Joy's" valve gear, 

»" bolt machine, 170 



IBS, brazing on, 184 
valve core boxes, 113 
»vers, 185, 187 
overs, 159 
patterns, 113 
seating, 29 



Safety valve springs, 174, 175 
Sand-box, 235 

— and splasher, 63 

— valve, 66 
Sand facing, 40 

— gear, 245 

— moulds, dry, 40 
green, 41 

Scabs, scabbing castings, cause of, &c, 

41,48 
Scarf, brazing, 181 

— welding, 150 
dome, 27 

Scrap in copper alloys, 98 

— in cupola bottoms, use of in iron cast- 
ings, wrought, in foundry mixtures, 
48 

— wrought, for forgings, 127 
Screw coupling, constructing, 161 

— cutting, 191 

Screwing machine, "Barrow's," 221 
Seams, brazed, see Brazed seams 

— longitudinal boiler, 6 
Securing smoke box tube plate, 11 

— vents, examples of, 49, 57 
Setting block, spring, 173 

— cores, example of, 49, 57 

— expansion angle iron, 24 

— foundation ring, 15 

— out back plate, 21 
boiler centre lines, 24 

centre lines, " Joy's " motion, 239 

throat plate. 20 

— slide valves, 235 

— smoke-box tube plate, 26 

— valves, cradle for, 226 
Shackles, testing cast-iron, 39 
Shaft, reversing lever, 158 
Shank milling cutters, 194 
Shaping cores, cylinder, 40 
Shearing plates, #c, 9 

Shell drilling machine, boiler, 8 
Shop economy, machine, 189 

— tool room, machine, 189 
Shrinking tires on wheels, 212 
" Siemens " annealing, 77 

— furnace, copper alloys, 97 

— " Martin," mild steel, 124 
tires, 125 

S 
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"Siemens" open hearth furnace, brass 

fonndry, 87, 103 
Signal forgings, 168 
.Silicon l.rouze, 101 

— steel, 92 

— in white iron, 38 
Sizes, milling cutters, 200 
Skimming gates, 41 
Skin drying, 63 
Slabs for forgings, 127 
Slag in alloys. 96 

cupola, 47 

Sleeves, 108 
Slide bars, 145 

machining, 216 

setting, 230 

— Hooks, machining, 210 

— valve, 109 
analysis and composition, 97, 

100 
lead of, 231, 241 

— mixture, 98 

— setting, 226, 235 
Slipper block, " Joy's " matioD, 110, 140 
Stat drilling machine, 215 
Slotting frames, 205 
Smithy, 147 

- angle, 151 

- general, 158 

- relationship to forge, 147 

- spring, 172 
Smoke -box, 235 

- hinges, 164 
-mouldings, 185, 188 

- tube plate, securing, II 
Snap head bolts, 171 
Snapping copper stays, 30 

" aowdon," steel castings, 85 
Soaking pits, " Gjer's," 124 
Socket joint, brazing, 185 
Solders. 182 

Solids, flow of, '■ M. Tresca " on, 128 
Spanners or keys, making, 168 
Specification, Admiralty, steel castings, 



- American iron castings, 
— axles, crank, 129 
straight, 133 

— boiler plates, 1 



Specification, copper plates, copper 
stays, inside fire-box shell, 29 



— steel castings, 75, 76, 79, 8 

— tests, iron castings, 31 

— tires, 125 

— tubes, boiler, 35 
and pipes, 180 



— wheel centres, 83 
Speed, brass turning, 221 

— lathe work, 191 

— milling,see Milling, speed for 

— planing brass, 207 

cylinders, 213 

hornblocks, 206 

slide bars, 216 

— screwing, 222 

— slotting frames, 205 

— turning axles, 210 
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Stamping smoke-box hinges, lur, 


Steel castings, speeds and feed ma- 


— spring back ends, 173 


chining, 205 


Stand, whistle, 3G 


" Spencer " on, 715 


Standard stays, distance, 221, 228 


standard specification, 76 


Stays, basic steel, 3D 


•' Steel Co. of Scotland," 79 


— boiler, 13 


tenacity of, 73 


— cupper, riveting, snapping, Ac, 30 


torsional resistance and trans- 


— copper, specification, 29 


verse strength, 79 


— cross, machining, 205 


— Co,, Scotland, steel castings, 79 


— lathe work, back, 191 


— for milling cutters, 192 


— longitudinal, 36 


— grade of, for springe, 174 


— roofing bar. 30, 32 


— resilience of, 196 


— distance, erecting, 221, 228 


— rivet, specification of, 3 


Steal m pipes, 180, 235 


— silicon, 92 


— pipe, cone for, 108 


— '■ Siemens-Martin " mild, 124 


main and smoke-tax, 183 


— spring, 172 


Stool, basic stays, 30 


— welding, conditions for, 150 


— carbon in spring, 1T7 


high carbon, 173 


— castings, 72 


Stirrup link, "Joy's" motion, 142 


acid, 75 


— — milling, 202 


Admiralty specification, 88 


Stoves, drying, foundry, 48 


— — advantages of, 73, 74 


"Stowe's" llexihle shaft, 224, 228, 


— — affected by annealing and chemi- 


231 


cal composition, 77 


Straight axles, machining of, 210 


analysis of, 80, 87 


manufiictiire i>f and Hpeciflcatioil 


annealing of, 77 


for, 133 


" Aspiuall " on, 85, 87 


swages for, 134, 146 


basic, 75 


tenacity of, 133 


Bessemer, 75 


Straightening plates, machine Tor, 5 


carbon in, 78, 87 


Strap, forging big end, 187 


chemical analysis of, 77 


little end, 138 


cranks, " Holmes " on, 78 


Strength, brazed scams, 182 


nnhaminered, 72 


— forgings, 128 


design of, 73, 75 


Strengthening plate, dome, 7 


difficulties of producing, 75 


Stress on motion pins, 244 


drop teat, 87 


Strips, butt, 11 


o. foiginga, 78 


Structure of alloys, 100 


grade of, 70 


Stud, handrail, 165 


"Hadfleld"on,74,8i 


Studs in foundry, 41 


hard, 77 


— sand-box cores, 63 


list of. 72, A2 


Sin Ming- bo i, regulator ml, HIT 


medium and medium hard, 77 


Sulphur, foundry soke. 41 


"Biley"on.79 


Swages, 128 


" Bogersoo. A Co. V' 8. 1 * 


— clapper, 142 


— — sUioon in, 87 


— construction of, 146 


r. smithy, 148 


— connecting rods, 13ti, 1SJ 


" Snowdon " on, 85 


— coupling rods, 134 


soft, 76 


-- screw couplings, 1G2 


— — specification a for, 7,"-, 7';. 78, B8 


— straight ail- \ 
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Swages, valve rode, HO 


Thinning plate corner machine, 15 




Swaging, 165 


Throat plate flanging, 18 




— nuts and bolts, 170 


setting out, 20 




Siring links, 113 


Time for erecting engines, 224 




Swiiig links, milling, 202 


Tin in alloys, 96 




Syphons, oil, 101 


Tin, effect on brnsing, 181 




axle bos, 111 


— phosphide, 98 




System, erecting shop, 224 


Tires, fixing on wheels, 213 




— forging, 145 


— foi India, 127 




— machine shop, tool work, 189 


— manufacture of, 124, 125 

— quality of, 126 

— section of, 125 




Tible of speed and feed, 222 


— specification of, 125 




milling, 197 


— turning, 212 




Tank angle iron, saddle, 156 


Tool room, machine shop, 189 




Tapping ln;li.-, cupola, drying, &c, 46 


— work, machine shop, 189 




— machine, quadruple, " AapiuaH's,' 


Tools, benefit of accuracy, 190 




32 


— for chisel making, 169 




Teeth for milling cutters, IBS 


— erecting, 224 




Temper, oh . [ . =. i -. i t ■ :v . i i ■ ■ i l ^ regarding, 175, 


— list of, for engines, 168 




177 


in tool room, 189 




Tempering, 175, 177 


Torsional resistance, steel casting, 79 




— springs, 174 


Toughening, 175 




Templates in boiler Bhop, 3 


— by water qnenching, 179 




— boiler, construction of, 22 


Trammelling, diagonal, 228 




— coppersmith's, 183 


Transverse boiler joints, 6 




— dome plate, 27 


— strength, steel castings, 79 




— — strengthening plates, 11 


— tests, iron castings, 38 




— drilling boiler plates, 7 


" Tresca " on flow of solids, 128 




— erevting, 224 


Trial, length of, observations during, 245 




— setting dome, 26, 28 


'.['..!.■ !■:-,■■■. -■: 1:. 




— system barrel plates, 8 


fixing smoke-box, 26 




frames, 204 


— flanging smoke-box, 20 




Tenacity of straight axles, 133 


securing smoke-bos, to barrel, 11 




welds, 151 


Tubes, boiler, 180 




Tender, 244 


— ferrules for, 171 




— axle-box, brass, 11 1 


— seamless, 180 




— connection to injector, 1 14 


— specification of, 35 




Tensile tests, iron castings, and 


Turning axles, speed for, 210 




shackles for, Ac, 38, 39 


— tires, 212 




— strength, steel costings, 73 


Turnover board, use of foundry, 49 




Test of accuracy, grinding twist drills, 


Tuyeres, cupolas, position uf, Ac, 44 




190 


— foreign matter in, 47 




Testing boiler, 36 


Twist in boiler due to riveting, 25 




— pipes, 185 


— drills, feed for, grinding, Ac, 190 




'■T nooshire and Yorksliire Ry. 


life of, 191 




a, 129 


mechauir.Ml grinding, spt'ed for, 




, 175 


test for grinding accurately, 190 




ngs, drop, Ao., 87 


— in flre-box, 24 













INDEX. 261 


Univebs4l milling machine, 192 


"Webb's" fire-hole door drilling ma- 


" Unwiu " and cohesive force, 94 


chine, 31 


Utility of milling machine, 192, 203 


Welding, 148 




Welding, aifected by impurities, 149 




— angles, 155 


Vachcm brake, 245 


— composition a, 151 


■ cylinder, 244 


— dome, 26 


— pipes, 244 


cover seating, 29 


Valve box for sand-box, 6G 


— electric, tee Electric welding 


— buckle, 143 


— fluxes, 151 


— motion, 245 


— mild steel, 150 


" Joy's," milling, 201 


— scarfing, 150 


— regulator, " Ramebottom's," 105 


— spring back ends, 173 


stuffing-box, 107 


— steel, high carbon, 173 


— rods, 139 


Weldless ring, 11 


— safety, covers, 185, 187 


Wolds, tenacity of, 151 


lever, 159 


Wheels, " Arbel," 128 


pattern, 113 


— centres, specification of, 83 


spring, 174, 175 


— chuck for turning, 211 


— seating, safety, 29 


— clearance for, in frames, 205 


— setting, 235 


— fixing on axles, 210 


cradle for, 226 


tires on, 213 


— slide, 109 


— press, 210 


lead of, 231, 241 


— turning, 211 


mixture, 98 


Whistle fittings, 123 


— spindle cross-head, 163, IG7 


— stand, 36 


Vent pipe and escape of gases, 61, 63 


White iron, foundry mixtures, 48 


— — use of, in moulds, 55 


silicon in, 38 


Venting eastings, 41 


— metals, 101 


— plate moulds, 42 


— metal, cores in axle-boxes, 112 


— use of oinders, 59 


"Whitworth's" comparison of metals, 78 


Vents, cylinder moulds, securing and 


— nuts and bolts, 171 


example of, 49, 57 


Window frames, cab, 123 


Volute springs, 175 


Work done by milling cotters, 196 




Working of cupola, 46 




Workmanship in boiler shop, 4 


Water gauge cocks, 105 


Wrapper plates, bending, Ac, 14 


— scoop, core -boxes lor " Bams- 


Wrought iron, quality of, 148 


bottom's," 114 


sorap forgings, 127 


patterns for " ItumsbottomV 


scrap, foundry mixings, 48 


113 


in smithy, 148 


Wash-out door, 34 




Washers, crank pin, forging, 132 




" Webb's " fire-hole door, 35 


Zinc in alloys, 93, 98 
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required to produce Screws of any pitch, calculated by Lord LINDSAY, 
M.P. Oblong, cloth, zj. 

Screw Cutting.— .SVrav Cutting Tables, for the 

use of Mechnn ic.il Kn.^ifc-rs, showing the proper arrangement of Wheels 
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Suga.r.—A Handbook for Planters and Refiners; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
mid on the Manufacture. k< -iiijiii;... and Analysis of Cane, Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sngars; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c ; 
B. E. R. Newiands, F.C.S., F.I.C., Mem. Council Soc. Chemical 
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Surveying. — A Practical Treatise on the Science of 



veying, Levelling, Plotting, etc. By H. S. MKKRETT. Fourth edition, 
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trations and tables, royal Svo, cloth, 13s. 6d. 




Tables of Logarithms. — A B C Five-Figure 

Logarithms for general use. By C. J.Woodward, B.Sc. Containing 
Mantissa of numbers to 10,000. Log. Sines, Tangents, Cotangents, and 
Cosines to 10" of Arc. Together with, foil explanations and simple 

■ ri ■-.. . :,■..',:■;:.■■ ■:'::.' .Mi' . .;. . 
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Telephones. — Telephones, their Construction and 

~Wtlg. By F. C. Allsop. Second edition, revised and enlarged. With 
o illustrations. Crown 8vo, cloth, 51. 

Tobacco Cultivation.— Tobacco Growing, Curing, 

and Manufacturing ; a Handbook for Planters in all parts of the world. 
Edited by C. G. Wasnfoiid Lock, FX.S. With illustrations. Crown 
8vo, cloth, js. 6d. 

Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption of the 
principal Products of the Vegetable Kingdom. By P. L. SlMMONDS, 
F.L.S., F.R.C.I. New edition, revised and enlarged, Svo, cloth, lis. 

Turning. — The Practice of Hand Turning in Wood, 

Ivory, Skill, etc., with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc. ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
FRANCIS CampIN. Third edition, with wood engraving:, crown 8vo, 
cloth, 3*. 6d. 

/alve Gears. — Treatise on Valve-Gears, with 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. GusTAV Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polytechmkum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klein, Lehigh University, Bethlehem, Pa. 
Illustrated, 8vo, cloth, lis. 6d, 

/arnish.— The practical Polish and Varnish-Maker ; 

a Treatise containing; 75a practical KcivlpLi and Formula: for the Manu- 
facture of Polish* i, Caeqiters, Vanishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H. C. 
StANDAGE (Practical Chemist), author of 'The Artist's Manual of 
Pigments.' Crown 8vo, cloth, ts. 



CATALOGUE OF SCIENTIFIC BOOKS 



Ventilation. — Health and Comfort in House Build- 
ing; or, Ventilation with Warm Air Uy Self-acting Suction Power. 
With Review of the Mode of Calculating the Draught in Hot-air Flues, 
and with some Actual Experiments by J. DrYsdai.e, M.D., and J, W. 
HaVWard, M.D. With plaits and woodcuts. Third edition, with some 
New Sections, and the whole carefully revised, Svo, cloth, 71. bd. 

Warming and Ventilating. — A Practical 

Treatise upon Wanning huii-jiit&s by Hot Water, and upon Heat and 
Heating Appliances in gencr.il ; with an inquiry respecting Ventilation, 
the cause and action of Draughts in Chimney-; and flues, and the laws 
relating to Combustion. By CHARLES Hood, F.R.S., F.R.A.S., &t 
He-written by Frederick Dye. Svo, cloth, 151. 

Watchwork. — Treatise on Watchwork, Past and 

Present. By the Rev. H. L. Nelthropp, M.A., F.S.A. With 32 
illustrations, crowa Svo, cloth, 6s. 6d. 
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of Glasgow L'niver.sity, M. Inst. C.E., and A. \V, Bit [tiirr more, M.Sc, 
Assoc. M. Inst. C.E. With illustrations, medium Svo, doth, 25J, 

Well Sinking. — Well Sinking. The modern prac- 
tice of Sinking and Boring Weils, with geological considerations and 
examples of Wells. By Ernest Spon, Assoc. Mem. Inst. C.E. 
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Wiring. — Incandescent Wiring Hand-Book, By 

F. B. BADT, late 1st Lieut. Royal Prussian Artillery. With 41 illustra- 
tions and 5 tables. iSino, cloth, 4s. 6d. 

Wood-working Factories. — On the Arrange- 
ment, Can. and Operation 0/ Wood-working Factories and Macliimry, 
forming a complete Operator's Handbook. By J. RICHARD, Mechanical 
Engineer. Second edition, revised, ;secdruts, crown Svo, doth, $s. 
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Carbon Bisulphide. 


Indiarubber Manufac- 


Salt, 31pp. 23 figs. 
Silk, 8 pp. 


Celluloid, 9 pp. 


tures, 23 pp. 17 figs. 


Cements. Clay. 


Ink, 17 pp. 


Silk Manufactures, 9 pp. 


Coal-tar Products, 44 pp. 




11 figs. 


14 figs. 


Jute Manufactures, 1 1 


Skins, 5 pp. 


Cocoa, 8 pp. 


pp., 11 figs. 


Small Wares, 4 pp. 


Coffee, 32 pp. 13 figs. 


Knitted Fabrics — 


Soap and Glycerine, 39 


Cork, 8 pp. 17 figs. 


Hosiery, 15 pp. 13 figs. 


pp. 45 Sfr 


Cotton Manufactures, (12 


Lace, 13 pp. 9 figs. 

Le.itlicr, 2S pp. 31 figs. 


Spices, 16 pp. 


pp. 57 figs. 


Sponge, 5 pp. 


Drugs, 38 pp. 


Linen Manufactures, 16 


Search, 9 pp. 10 figs. 


Dyeing and Calico 


pp. 6 figs. 


Sugar, 15S pp. 134 


Printing, 28 pp. 9 figs. 


Ma:i;.r;--, 21 pp. 30 figs. 


figs. 


Dyestuffs, 16 pp. 


Mulches, 17 pp. 38 figs. 


Sulphur. 


Electro -Metallurgy, 13 


Mordants, 13 pp. 


Tannin, 18 pp. 


pp. 


Narco'.ics, 47 pp. 


Tea, 12 pp. 


Explosives, 22pp. 33 figs. 


Nuts, 10 pp. 


Timber, 13 pp. 


Feathers. 


Oils and Fatty Sub- 


Varnish, IS pp. 


Fibrous Substances, 92 


stances, 125 pp. 


Vinegar, 5 pp. 


pp. 79 figs. 


Paint. 


Wax, s pp. 


Floor-cloth, (6 pp. 21 


Paper, 26 pp. 23 figs, 


Wool, 2 pp. 


figs. 


Paraffin, S pp. & figs. 


Woollen Manufactures, 


Food Preservation, 8 pp. 


Pearl and Coral, 8 pp. 


58 pp. 39 figs. 


Fruit, 8 pp. 
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WORKSHOP RECEIPTS, 


FIRST SERIES. 


Synopsis of Contents. 


Bookbinding. 


Freezing. 


Paper. 


Bronzes and Bronzing. 


Fulminates. 


Paper Hanging. 


Candles. 


Furniture Creams, Oils, 


Pointing in Oils, in Water 


Cement. 


Polishes, Lacquers, 


Colours, as well as 


Cleaning. 


and Pastes. 


Fresco, House, Trans- 


Colourwashing. 


Gilding. 


parency, Sign, and 


Concretes. 


Glass Cutting, Cleaning, 


Carriage Painting. 


Dipping Acids. 


Frosting, Drilling, 


Photography. 


Drawing Office Details, 


Darkening, Bending, 


Plastering. 


Drying Oils. 


Staining, and Paint- 


Polishes. 


Dynamite. 




Pottery — (Clays, Bodies, 


Electro - Metallurgy — 


Glass Making. 


Glazes, Colours, Oils, 


(Cleaning, Dipping, 


Glues, 


Staitis, Fluxes, Ena- 


Scratch-brushing, Bat- 


Gold. 


mels, and Lustres). 


teries, Baths, and 


Graining. 


Scouring. 


Deposits of every 


Gums. 


Silvering. 


description). 




Soap. 
Solders. 


Enamels. 


Gunpowder. 


Engraving on Wood, 


Horn Working. 




Copper, Gold, Silver, 
Steel, and Stone. 


Indiarnbber. 


Taxidermy. 


Japans, Japanning, and 


Tempering Metals. 
Treating Horn, Mother- 


Etching and Aqua Tint. 


kindred processes. 


Firework Making — 


Lacquers. 


0' -pearl, and like sub- 


(Rockets, Stars, Rains, 


Lathing. 




Gerbes, Jets, Tour- 


Lubricants. 


Varnishes, Manufacture 


billons, Candles, Fires, 


Marbl.! Working. 


and Use of. 


Lances, Lights, Wheels, 


Matched 


Veneering. 


Fire-balloons, and 


Mortars. 


Washing. 


minor Fireworks). 


Nilro- Glycerine. 


Waterproofing. 




Oils. 


Welding. 


Foundry Mixtures. 






Besides Receipts relating to the lesser Technological matters and processes, 


such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 


Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 


Architectural Moulding, Compos, Camms, and others too numerous to 


mention. 
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WORKSHOP RECEIPTS, 


THIRD SERIES. 


Uniform with the First and Second Series. 


Synopsis of Costents. 


Alloys. 


Iridium. 


Rubidium. 


Aluminium. 


Iron and SteeL 


Ruthenium. 


Antimony. 


Lacq uers an d Lac que ring. 


Selenium. 


Barium. 


Lanthanum. 


Silver. 


Beryllium. 


Lead. 


Slag. 


Bismuth. 


Lithium. 


Sodium. 


Cadmium. 


Lubricants. 


Strontium. 


Ciesium. 


Magnesium. 


Tantalum. 


Calcium. 


Manganese. 


Terbium. 


Cerium. 


Mercury, 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt 


Molybdenum. 


Tin. 


Copper. 


NickeL 


Titanium. 


Didymium. 


Niobium. 


Tungsten. 


Enamels and Glazes. 


Osmium. 


Uranium. 


Erbium- 


Palladium. 


Vanadium. 


Gallium, 


Platinum. 


Yttrium. 


Glass. 


Potassium. 


Zinc. 


Gold. 


Rhodium. 


Zirconium. 


Indium. 






EUctrics.— Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- 


phones, Measuring, Phonographs, Telephones, &c, 130 pp., Iti illustrations. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS 4 MECHANICAL SDBJECTS. 

a General Index to tho 



Waterproofing — rubber goods, cupranimonium processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, of a deliquescent 

character, liable to ignition, apt to surfer from insects or damp, or easily 

Embalming and Preserving anatomical specimens. 

Leather Polishes. 

Cooling Air and Water, producing low temperatures, malting ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 
Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling— water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 
Emulsifying as required by pharmacists and photographers. 
Evaporating — saline and other solutions, and liquids demanding special 

precautions. 
Filtering — water, and solutions of various kinds. 
Percolating and Macerating. 
Elcctrotyping. 

Stereotyping by hoth plaster and paper processes. 
Bookbinding in all lis details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 
Musical Instruments — the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc. 
Clock and Watch Mending— adapted for intelligent amateurs. 
Photography — recent development in rapid processes, handy apparatus, 

numerous recipes for sensitizing and developing solutions, and applica- 
tions to modern illustrative purposes. 
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WORKSHOP RECEIPTS, 

FIFTH SERIES. 



Containing many new Articles, as well a; additions to Articles included ir 



the 



IS S,L1^ 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lncida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion anil Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutti ng and Poli shing. Elee- 
tries. New Chemical Batteries, Bells, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Gmphophone, Registering Appa- 
ratus, Regulators, KUxtric Welding 
and Apparatus, Transformers. 



Evi 



.poralin-. 



Explo 
Filtering. 

Fireproofing, Buildings, Textile Fa- 
Fire- extinguishing Compounds and 

Apparatus. 
Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etching, Frosting, 
Powdering, &c. 



.3 follov 

Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding, 

Enamels for Iron and other Metals, 

Gold Beating, Smith*' Work. 
Modelling and Piaster Casting. 
Netting. 

Packing and Storing. Acids, &c 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereo typing. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing, 
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SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

COXTENTS. It 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 1 16 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fret cutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings— Gilding, dead and bright, on various grounds— Polishing 
Marble, Metals, <uid Wood— Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, Sec. — 
Glaring with and without putty, and lead glazing— Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains' — Water 
Supply and Sanitation— Hints on House Construction suited to new 
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